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ABSTRACT
According to the United States Environmental 
Protection Agency, the Las Vegas Valley is a serious 
nonattainment area for suspended particulate matter less 
than 10 microns in aerodynamic diameter (PM-10). The 
question is whether the amount of fine particulates less 
than 10 pm in the soil can be used to predict the amount 
of PM-10 entering the air stream during a wind erosion 
event. Over one hundred sixty soil samples were analyzed 
for soil particle size distribution, and a portable wind 
tunnel was constructed and operated in the field on fifty- 
two sites.
The study sites covered seven of the nine major US 
Soil Concervation Service soil groups in the Las Vegas 
Valley. The Glencarb, and Land and Spring soils had the 
highest amount of ten micron soil particle counts. The 
same soil groups had the highest PM-10 emitting sites.
The Data from the soil and wind tunnel analyses were used 
to estimate relationships between the percentage of 10 
micron particles in the soil and the amount of PM-10 
entraining into the wind tunnel at different wind 
velocities.
There appeared to be relationships between the wind
velocities and the amount of PM-10 emitted by each soil 
group, there were essentially no overall correlations 
between amount of 10 micron particles in the soil and the 
amount entering the airstream.
The average flux rate at 35-40 mph was g/m2/hour for 
Las Vegas Valley soils.
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Chapter 1 
Introduction and Background
According to the United States Environmental 
Protection Agency (EPA), the Las Vegas Valley does not 
meet the fugitive dust emission standard of the Clean Air 
Act of 1990. The standard set by this act is an average 
hourly rate of one hundred and fifty micrograms per cubic 
meter and an average yearly rate of fifty micrograms per 
cubic meter. Although the valley has not exceeded the 
yearly standard, it has on several occasions exceeded the 
hourly rate. In order to come into compliance with the 
EPA standard the Clark County Health District has funded 
several studies to determine the extent of the fugitive 
dust (PM-10) problem in the Valley. The University of 
Nevada, Las Vegas was given the task of estimating the 
amount of PM-10 from vacant lands in the Las Vegas Valley. 
This report concentrates on the effort of determining if 
it is feasible to estimate the emission rates from the 
percentage of PM-10 in the soil. In order to answer the 
question we will need to analyze a fairly large 
representative quantity of soil from throughout the 
Valley. The analysis will include the follow:
1. Collecting soil samples, analyzing the samples by 
sieving and calculating the percentage of PM-10,
1
22. Constructing a portable wind tunnel,
3. Operating the portable wind tunnel throughout the 
Valley, and
4. Comparing the data from both the soil and wind 
tunnel analysis.
In order to start this project we will need to have a 
clearer understanding of the work already preformed in 
this area.
The latest study of emission rates in the Las Vegas 
Valley was done by PEDCo (1975). PEDCo stated that the 
largest source of emissions in the valley was from unpaved 
roads and natural surfaces. This report was completed 
prior to the Las Vegas construction boom. In 1985, the 
population of the Las Vegas was approximately 300,000. In 
1995, the population had surpassed one million. PEDCo's 
emissions of fugitive dust is presented in Table 1. PEDCo 
also concluded that fugitive dust from urban areas, rather 
than wind-blown desert dust, appears to be responsible for 
the high particulate concentrations observed in cities.
Woodruff (1965) stated that the amount of erosion, E, 
can be expressed as: E = f(I,K,C,L,V), where I is a
erodibility index, K is a soil ridge roughness factor, C 
is a climatic factor, L is field length along the 
prevailing wind, and V is equivalent quantity of 
vegetative cover. This equation is currently used by the
Natural Resource Conservation Service in designing control 
practices and advising farmers on conservation programs. 
Charts, tables, and other supplementary information needed 
to solve the equation are given in Agriculture Handbook 
34 6, "Wind Erosion Forces in the United States and Their 
Use in Predicting Soil Loss" and in Special Report 62, 
"Principles and Methods of Wind-Erosion Control in Iowa."
Table 1. PEDCo's Fugitive Dust Emissions for the Las 
Vegas Valley.
Source Category for 1975
Construction
Normal paved streets
Dirty paved streets
Unpaved roads
Sand and gravel pits
Agriculture
Cleared areas
Heavy equipment storage
Playgrounds
Unpaved parking lots
Railroad right-of-ways
Horse corrals
Natural sources
Emissions (tons/mi2/yr) 
620.0
2122.7 
43.7
5818.0
711.0
180.0 
2309.9
27.6
5.0
38.5
202.9
51.0
5591.7
Total 17,721.1
Priestley (1959) suggested that the wind speed 
profile in the surface boundary followed a logarithmic 
distribution:
4where:
u = wind speed, cm/s
u* = friction velocity, cm/s
z = height above test surface, cm 
zQ = roughness height, cm
0.4 = Von Karman's constant, dimensionless
The friction velocity (u*) is a measure of wind shear 
stress on the erodible surface, as determined from the 
slope of the logarithmic velocity profile. The roughness 
height (z0) is a measure of the roughness of the exposed 
surface as determined from the y-intercept of the velocity 
profile, i.e., the height at which the wind speed is zero. 
These parameters are illustrated in Figure 1 for a 
roughness height of 0.1 cm.
Several portable wind tunnel have been designed and 
operated in the field for determining fugitive dust 
emissions. The Armburst and Box (1967) was used at the 
USDA Big Spring Field station. The test section was 0.9 x 
1.2m (36" x 48"), and 7.2m (288") long. The Gillette 
(1978) portable wind tunnel has a working section of 15.24 
x 15.24 cm (6" x 6") and a length of 240 cm (94.5"). The 
tunnel has an open floor test section. In addition, the 
tunnel used a two dimensional 5:1 contraction section with
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Figure 1. Determining Roughness Height from the 
Velocity Profile
a honeycomb flow straightener and a roughly conical 
diffuser attached to the working section. Fryrear (1983) 
used a portable wind tunnel to determine the effects of 
soil ridges and clods on erosion. The tunnel test section 
was 0.6 m (24") wide, 0.9 m (36") high and 7 m (280") 
long. Cowherd (1992) portable wind tunnel is 0.1 m (4") 
wide, 0.1 m (4") high, and 1.5 m (60") long. This tunnel 
is used on a dry lake bed at Owens Lake, California.
Threshold velocities have been attempted by several 
individuals. Gillette (1981) stated that the threshold 
velocity for soil movement was the velocity at which 
aerodynamic forces were sufficient to dislodge particles 
from the soil and initiate movement. This is important,
because the threshold velocity is not when soil particle 
movement is continuous, but when it begins. Punjrath and 
Heldman (1972) considered single particles on flat 
surfaces and found that threshold velocities occurred when 
shear forces balanced friction forces. Gillette (1980) 
attempted to find threshold velocities of different soil 
types by using a portable wind tunnel. His method of 
determining threshold velocity was by visually observing 
when particles would begin to move in the test section. 
This method is the same used by the Great Basin Unified 
Air Pollution Control District in California with the 
Cowherd portable wind tunnel. Since the human eye can 
only see the larger particles moving, and the visual range 
is not the same for everyone. The threshold velocities 
probably vary from one report to another. But most of the 
work has been done by Dale Gillette. Gillette (1988) has 
determined threshold velocities according to various land 
uses. This is summarized in Table 2.
Soil particles motion during wind erosion as 
described by Chepil (1965) suggestes that sandblasting of 
the surface is the mechanism that sustains erosion 
injection once sand movement (saltation) has begun. 
Gillette (1974) stated that the sandblasting of the soil 
surface is the dominant mechanism of fine soil wind 
erosion aerosol injection once saltation has started.
7Table 2. Threshold Velocities Assigned to Barren land 
Forms.
Land Form Threshold Friction
Velocity 
(cm/s)
Dry salt flats 100
Bare rock exposure 999
Strip mines, quarries, gravel and barrow pits 30
Beaches 30
Sand dunes 25
Mixed barren lands 65
Mud flats and river wash 70
Oil wasteland, other barren land 70
Sandy barren land 45
Gillette (1981) futher descibed the motion as a 
combination of different activity of the soil particles. 
Figure 2 shows shows a series of different motions. In 2a, 
a creeping motion of a coarse particle close to threshold 
velocity. In 2b, the particle is lifted into the air by 
turbulent fluctuations, and in 2c, the particle collides 
with the surface and bounces. In 2d, a collision is 
followed by creeping and another lift. In 2e, the 
particle collision is followed by the breaking off of 
smaller particles that were encrusted on the surface of 
the colliding particle. In 2f, a coarse particle 
collision is followed by the splashing of fine particles 
into the air. Taken together, 2f and 2e illustrate 
sandblasting. In 2g, many of the above movements are
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Figure 2. Motion of Eroding Soil Particles
combined, and the fine particles emitted are carried high 
into the air. In 2h, an example of nonerodible element is 
shown. There has also been research on how much of an 
effect moisture has on the production of soil erosion. 
Gillette (1978) showed that the ability of the soil to not 
erode depends on its ability to form a crust. In Figure 3 
the dependence of dust production on soil moisture-drying 
conditions is shown. Gillette stated that the soil 
textures in the lefthand corner produce dust virtually 
regardless of a lack of rain since strong crusts are not 
formed. Soil textures in the top of the figure form 
strong crusts, which may be worked away by long periods of 
sandblasting. The remaining soil textures are somewhat 
intermediate in their dependence on drought to produce 
dust.
Most of the current literature is on how to control 
erosion, and most of that literature is for agricultural 
purposes. This project concentrates on a desert terrain 
with non-agricultural lands.
10
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Chapter 2
Construction and Testing of a Portable Wind Tunnel
To test the actual emissions of PM-10 from vacant 
lands in the Las Vegas we needed to build a portable wind 
tunnel. It was quickly learned that no portable wind 
tunnels are available on the commercial market; hence, we 
would have to design and build our own tunnel. To keep 
the spending to a minimum it was decided to construct the 
tunnel in the Wood and Metal shop in the College of 
Engineering at the University of Nevada, Las Vegas. The 
next item was to design the tunnel. Several different 
existing portable wind tunnel designs were examined, and 
we finally decided on the Great Basin Unified Air 
Pollution Control District portable wind tunnel in 
California.
First were defined the basic design criteria for a 
portable wind tunnel. The design began with surface 
roughness in the test section. At the surface of the 
walls of tunnel, the fluid velocity is zero. If there is 
a well developed velocity profile and there are no 
obstacles in the test section, then from all the inner 
walls of the tunnel the velocity profile changes sharply 
from zero to a steady velocity. Now, if we placed 
obstacles in the path of the moving fluid media, the cross
12
sectional area would be reduced and the velocity would be 
increased to maintain the same volumetric flow rate. In 
addition, the media would have to flow around the 
obstacle, causing pressure changes, and eddies forming off 
the tail end of the obstacle. To keep roughness effects 
to a minimum, it is recommended the largest height of the 
obstacle be one-tenth of the height of the wind tunnel 
test section.
The next design criterion was establishing a well- 
developed velocity profile. This was accomplished through 
inlet flow straightners and by providing sufficient number 
of diameters to develop the profile. The rule of thumb is 
that the length of each of the flow tube should be ten 
times its diameter. This allowed for the development of a 
velocity profile that was stable over the length of the 
tunnel working section.
For field-testing purposes, the portable wind tunnel 
had to fit in the bed of a medium-size pick-up truck, and 
required a maximum of two people to set-up and operate. 
Several existing tunnels were considered. The Washington 
State University portable wind tunnel and the Nevada Test 
Site wind tunnel were rejected because of their large 
size. Each required a semi-truck for hauling, and in the 
case of the Washington State tunnel, a crane was needed to 
place the tunnel on the ground. The sizes of these
13
tunnels were determined by their intended uses. The 
Washington State University wind tunnel had a cross 
section of five feet by five feet. One-tenth of that 
height is six inches. The wind tunnel was used in 
agricultural fields were a six inch relief would be common 
in plowed soils. The Nevada Test wind tunnel was also 
fairly large because of the rough terrain that it is set­
up on to determine possible radioactive dust emissions.
Gillette's wind tunnel (Gillette, 1978) had a cross 
section of six inches by six inches, but did not have size 
fractionating capabilities. This tunnel was used in the 
late 1970's and early 1980's in northwest Texas, western 
Oklahoma, northeastern New Mexico, southern Nevada, 
southeastern California, and southern Arizona (Gillette, 
1978a, 1978b, 1980).
The third criterion was to select a design that would 
reliably measure ten micron particles. The Washington 
State University wind tunnel has the capability to measure 
ten micron particles, but as of June 1995 the sampling was 
not isokinetic. Isokinetic sampling is defined as a 
condition where the sampling inlet velocity is the same as 
the velocity of the mainstream flow.
The wind tunnel design we adopted was based the Great 
Basin Unified Air Pollution Control District (GBUAPCD) 
portable wind tunnel at Owens Lake, California. The
GBUAPCD wind tunnel was designed by Chatten Cowherd at 
Midwest Research Institute and by Duane Ono of GBUAPCD.
The GBUAPCD wind tunnel has a four inch by four inch cross 
section. This wind tunnel had size fractionating 
capabilities. The elutriation chamber captured seventy 
micron aerodynamic perticles and larger. The cyclone 
captured ten to seventy micron aerodynamic particles, and 
the PM-10 filter captured ten micron and smaller 
aerodynamic particles. In addition, once broken down, the 
wind tunnel fit into the bed of medium-size pick-up truck.
This wind tunnel had been used on Owens Lake, California 
to evaluate effectiveness of different types of wind 
erosion control methods. The wind tunnel cross section, 
at 4" x 4", was acceptable for the surface relief at Owens 
lake, California, but it was thought to be to small for 
the rougher soil surfaces in the Las Vegas Valley.
Since the basics of the GBUAPCD wind tunnel meet our 
criteria, we decided to modify this design to meet our 
needs. Figures 4 through 8 shows the detailed drawings of 
the modified design. The first step was to increase the 
four inch by four inch cross section to six inch by six 
inch. Next, we increased the length of the flow 
straightener section to ten diameters (five feet). In 
addition, we inserted a three-guarter inch by six inch 
honeycomb in the inlet of the flow straightener. These
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modifications allow for the flow to have a well-developed 
velocity profile. The riser tube was increased from four 
inches in diameter to six inches in diameter. This 
modification was done to keep the pressure change to a 
minimum. Because the PM-10 filter pulled air at a nearly 
constant forty cubic feet per minute and because we needed 
isokinetic sampling inside the vertical tube, the sampling 
tube diameter was decreased from two inches to one inch. 
Because we wanted real-time data of the PM-10 entrainment, 
the TSI TrakPro PM-10 detector was inserted into the 
vertical tube. This device proved to be more useful then 
we thought, because the PM-10 filter and cyclone proved 
not to be sufficiently sensitive for the small amount of 
dust yielded during most test runs. The TrakPro always 
gave detectable PM-10 concentrations. By increasing the 
cross section, we needed to increase the volumetric flow 
rate in order to maintain the same velocities inside the 
wind tunnel as the GBUAPCD wind tunnel. The increased 
volumetric flow rate required an increase in available 
blower power. This was accomplished by removing the 
venturi meter on the original design and replacing it with 
an averaging pitot tube from Dwyer instruments. The 
venturi meter has about five inches of water pressure drop 
while the averaging pitot tube has only about one quarter 
of an inch of water drop. This one change allowed us to
21
keep the same blower and motor as in the original design. 
These design changes allowed development of sufficient 
velocities in a six inch by six inch section to measure 
PM-10 emissions from the rougher Las Vegas Valley soil 
surfaces.
Determination of 
Velocity Profile on Smooth Surface
Before the wind tunnel data from the field could be 
interpreted, a series of tests had to be performed to show 
the reliability of the wind tunnel and to calibrate the 
wind tunnel. First, tests were performed to determine if 
a we11-developed velocity profile had been established at 
the entrance to the test section under the range of flow 
conditions expected during normal operations. The 
procedure for this test was as follows: the entire wind 
tunnel was set-up in the laboratory; air was pulled 
through the test section at maximum speed; pressure 
readings were taken every one-half inch vertically and 
horizontally through the cross sectional area; and finally 
the data were plotted to determine the velocity profile. 
Figure 9 shows the laboratory set-up and the points where 
the readings were taken. A static pitot tube and a
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Figure 9. Laboratory Set-up for Testing the Portable 
Wind Tunnel
magnehelic pressure gage were used for determining the 
pressure at each point. The pressure change was then 
converted to velocity by using the equation
2gAP
\  P (2)
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where,
V is the velocity (ft/sec), 
g is the gravity (32.2 ft/sec2), 
p is the density of air (lbf/ft3),
AP is the change in pressure (lbf/ft2).
Computed velocities were then plotted using a three 
dimensional surface plot. This procedure was performed at 
the entrance of the test section and the middle of the 
test section (Figures 10 and 11). Because the velocity 
profile was so well-developed at the middle section, the 
test was not repeated at the exit of the test section. A 
well-developed velocity profile has the characteristics of 
a symmetrical surface both horizontally and vertically 
about the central axis. In the current wind tunnel 
design, the surfaces of the curves were fairly flat to 
within an half inch of the wind tunnels wals.
Determine Flow Rate from 
the Center Point in the Wind Tunnel
A part of the equation needed to determine the 
concentration at the test section is the flowrate through 
the tunnel at the time of the reading. The method we 
chose to determine the relationship between the center 
point velocity and the volumetric flowrate through the
24
Figure 10. Velocity Profile at the Entrance of the 
Test Section
tunnel was by running the tunnel at stable speed and 
taking pressure readings every one half inch vertically 
and horizontally inside the tunnel at the exit of the test 
section. This procedure would be carried for five 
different wind speeds on a smooth surface, and then
25
Figure 11. Velocity Profile in the Middle of the Test 
Section
repeated over a rough surface. To create a smooth 
surface, paper was adhered to the floor of the test 
section in the laboratory. To create a rough surface, 
various sizes of nuts, washers, and bolts were spread 
across the floor of the test section. None of the
obstacles placed in the wind tunnel were higher than one- 
half inch.
The basic equation for determining the flow rate was 
as follows:
Q =  f[f(z,y)dzdy
JJ (3)
where, Q is the flow rate and f(z,y) is a velocity
function. The function of z and y was determined by using
a Taylor expansion series as shown below,
f(Z'Y) =a0+a1y+a2y 2+a3y 3+a4y 4
+a5z+a6zy+a7zy 2 +agzy3 +a9zyi 
+a10z 2+a11z 2y+a12z 2y 2+a13z 2y 3 +aliz 2y 4 
+ ax 5z 3+ a16z 3y + a 17z 3y 2+ a18z 3y 3+ a19z 3y 4 < >
+a20z 4+a21z 4y + a22z 4y 2+a23z 4y 3+a24z 4y 4
where the ai's represent the coefficients of the 
polynomial, the yi's represent height of the cross section 
in feet and the zi's represent the width of the cross 
section in feet. We can now take a double integration,
0 .5  0 .5
/  /  ry)dzdy = (a0zy+^-a1z y2 + ^ a 2zy 3 + ^ a 3zy 4 + ^ a izy5
0 0
1  „  1  -  2 , , 2  , 1  o  rr 2 T r3 , 1  3  „  2 , ,  4 , 1  3  n r 2 „ 5
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where the limits of integration represent the function 
evaluated from a height of the zero feet to a height of 
one and half feet and from a width of zero feet to a width 
of one and half feet. Substituting the values for z and 
y, the equation reduces to,
°>5 °>5J-/ . , , n c2 0.53 0 .54 0.5s 0.56J J f (zry)dzdy=0.52a0 + — -— ax + — -— a2 + — -— a3 + — -— a
0 0
0.53 0.5
2 a5+ 4
+ M ! a ,„+ 0 -55
0 .55 _ 0.56
+--:— a-iK +4 8
0.5® 0.57+ — =— a,n +5 30 10
i
,4
2 a * +
0  • 55 -j ,
3  a 2 +  4 334
0 • 56 a  J. ° * 5 7 a6 6 a? 8  a ® 10 9
0.5® 0.57 x 0.5®
* 1 1  + 9 12 13 15
0.57 0.5s 0.59
a !6 + 12 d - ' 16 3 l 8  20 3
0.58 0 .59 0 .510d21 l -
15 22 20 23 25
10 6~ 11 ~ 12 ~l ~ ~ 14 (6)
1 5 ---------------" 1 1 0  17 u  i s  o n  “ i s
20 i n  “ 21 1C “ 22 o n  “ 23 o  *  “ 24
This equation was applied to the pressure readings 
obtained during the five smooth surface tests and the five 
rough surface tests. A computer program was written in Q- 
Basic (tm) to find the coefficients for the equation and 
then compute the volumetric flowrate. The computer code 
and data are shown in Appendix B. From the computed 
velocities of the center point and the computed total 
flowrate, a graph of volumetric flowrate versus center 
point velocity was plotted for both the smooth and rough 
condition (Figure 12). From this plot we were able to 
determine that velocity measured at the center point was 
linearly related to the volumetric flow rate. We can also
28
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Figure 12. Volumetric Flowrate versus Center Point 
Velocity for the Test Section
assume that at zero feet per second the volumetric 
flowrate is also zero cubic feet per minute regardless of 
the surface condition. For our surface conditions the 
slope of the smooth surface line was 31.8 ft2-sec/min, and 
the slope of the rough surface line was 28.0 ft2-sec/min. 
In addition, the graph shows that a rougher surface 
reduces the volumetric flowrate through the tunnel. Since 
the slope of the line depends on the surface roughness, we 
can interpolate to find the slope for a soil surface of 
known aerodynamic roughness to compute the flow from the
center point velocity as follows:
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s r n SRs 
SRr - SRs ~ ms (7)
where,
SRn = New Surface Roughness,
SRr = Rough Surface Roughness,
SRs = Smooth Surface Roughness,
nijj = New surface slope,
mR = Rough surface slope, and
ms = Smooth surface slope,
solving for the new slope, n^ , yields,
{SRn - SRs )
m„ = ---   (m„ - - jn„
w (SRr - SRs) K R 5  ( 8 )
This equation will be used to determine the corrected 
values measured concentrations in the TSI, PM-10 filter, 
and cyclone as shown in chapter 4. The important 
correction for the wind tunnel is the correction for 
isokinetic sampling.
Corrected Isokinetic TSI Readings
Since the TSI sampling inlet is sampling at less then 
isokinetic conditions, a correction is needed. To 
determine the correction a level concrete area was chosen
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for the laboratory set-up. A section of the concrete was 
covered with plastic. In each set-up the plastic area was 
covered and leveled to one-eighth inches with a Type nine 
soil group sample taken from wind tunnel site number 078, 
located at Mountain Vista and Gold Dust. The soil was 
sieved through a number ten sieve. The experiments were 
performed under four different conditions;
1. Normal condition - Neither the DustTrak sampling 
inlet nor the PM-10 filter sampling inlet diameters were 
adjusted,
2. Adjust DustTrak condition - The DustTrak sampling 
inlet diameter was reduced to one-sixteenth inches, which 
should correspond to isokinetic sampling conditions. The 
PM-10 filter sampling inlet diameter was not adjusted, 
which should also be in isokinetic sampling condition,
3. Adjust PM-10 condition - The DustTrak sampling 
inlet diameter was not adjusted. The PM-10 filter 
sampling inlet diameter was increased to two inches, and
4. Adjusted DustTrak and PM-10 condition - The 
DustTrak sampling inlet diameter was reduced to one- 
sixteenth inches and the PM-10 filter sampling inlet 
diameter was increased to two inches.
Under each condition the machine was set-up four times.
The tunnel was run at the same speed through the 
calibration tests. The speed was determined by initially
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running the tunnel at different speeds and recording the 
effects on the soil and the net readings of the filters. 
Once the runs were completed the soil was redisturbed, 
leveled, and smoothed again with the same type of soil.
TSI Correction
The TSI DustTrak is an instrument that has an 
internal cyclone that separates dust at ten microns, the 
smaller particles passes through a dark, sealed chamber; a 
laser beam shines perpendicular through the flow, and 
concentration is measured based on the intensity of the 
laser on the opposite side of the flow. Since the TSI 
does not directly measure the dust, there have been some 
doubts about the accuracy of the instrument compared to 
other methods. For this reason we decided to compare the 
instrument to a highly accurate Beta Gauge at an existing 
monitoring station. The Beta Gauge measures PM-10 
concentration by pulling the air sample through a filter. 
At regular time intervals, beta rays (electrons) are 
passed through the dirty filter. On the opposite side of 
the filter, beta ray intensity is measured. The 
attenuation of the electron beam is used to compute the 
dust concentration for a certain time interval. The North 
Las Vegas monitoring station at Lake Mead and Walnut was
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chosen for the test run. Figure 13 is a graph of the 
results of the run July 28-30, 1995. As can be seen in 
the graph that the TSI and Beta Gauge plots follow guite 
closely, but that the TSI data is consistently lower then 
the Beta Gauge. This is probably due the location of the 
TSI sampling inlet versus that for the Beta Gauge. The 
Beta Gauge sampling point is located at an elevation of 
ten meters above grade. The TSI sampling inlet was 
located at approximately one and half meters, and attached 
to the south exterior wall of the monitoring station. The 
TSI location was due in large part to the sampling hose 
not being long enough to reach the elevation of the Beta 
Gauge inlet. Since the trace of the TSI data versus time 
compares well with that of the Beta Gauge, we plotted the 
TSI data versus the Beta Gage data. From Figure 3.12 
there appears to be a good correlation between the two 
instruments. Hence, for our purpose the TSI has proven to 
be a very good tool in measuring PM-10 in the wind tunnel.
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Table 3. 
Office
TSI versus Beta Gauge, North Las Vegas Post
TSI 
Hourly AVG
Beta Gauge 
Hourly AVG
Date Time Aerosol PM-10
7/28/95 16:00:10 0.0294 0.015
7/28/95 17:00:10 0.01626667 0.016
7/28/95 18:00:10 0.01596667 0.016
7/28/95 19:00:10 0.0154 0.022
7/28/95 20:00:10 0.02365 0.037
7/28/95 21:00:10 0.02865 0.035
7/28/95 22:00:10 0.02753333 0.038
7/28/95 23:00:10 0.02986667 0.041
7/29/95 0:00:10 0.0315 0.051
7/29/95 1:00:10 0.03986667 0.139
7/29/95 2:00:10 0.03838333 0.051
7/29/95 3:00:10 0.03415 0.053
7/29/95 4:00:10 0.03775 0.058
7/29/95 5:00:10 0.0433 0.059
7/29/95 6:00:10 0.04203333 0.053
7/29/95 7:00:10 0.03793333 0.056
7/29/95 8:00:10 0.03493333 0.066
7/29/95 9:00:10 0.05113333 0.056
7/29/95 10:00:10 0.03588333 0.044
7/29/95 11:00:10 0.02833333 0.04
7/29/95 12:00:10 0.02753333 0.026
7/29/95 13:00:10 0.0192 0.018
7/29/95 14:00:10 0.01733333 0.022
7/29/95 15:00:10 0.01718333 0.029
7/29/95 16:00:10 0.01918333 0.018
7/29/95 17:00:10 0.01823333 0.02
7/29/95 18:00:10 0.01953333 0.02
7/29/95 19:00:10 0.0212 0.027
7/29/95 20:00:10
7/29/95 21:00:10
7/29/95 22:00:10
7/29/95 23:00:10
7/30/95 0:00:10
7/30/95 1:00:10
7/30/95 2:00:10
7/30/95 3:00:10
7/30/95 4:00:10
7/30/95 5:00:10
7/30/95 6:00:10
7/30/95 7:00:10
7/30/95 8:00:10
7/30/95 9:00:10
7/30/95 10:00:10
7/30/95 11:00:10
7/30/95 12:00:10
7/30/95 13:00:10
7/30/95 14:00:10
7/30/95 15:00:10
7/30/95 16:00:10
7/30/95 17:00:10
7/30/95 18:00:10
7/30/95 19:00:10
7/30/95 20:00:10
7/30/95 21:00:10
7/30/95 22:00:10
7/30/95 23:00:10
7/31/95 0:00:10
7/31/95 1:00:10
7/31/95 2:00:10
7/31/95 3:00:10
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0.02511667 0.03
0.04366667 0.061
0.0481 0.051
0.03923333 0.039
0.03963333 0.06
0.0583 0.07
0.05521667 0.072
0.04645 0.052
0.03923333 0.052
0.03038333 0.034
0.02953333 0.052
0.03646667 0.047
0.03243333 0.047
0.03351667 0.045
0.0295 0.037
0.02921667 0.036
0.02923333 0.028
0.02078333 0.033
0.02395 0.024
0.01671667 0.024
0.01751667 0.02
0.01596667 0.014
0.01561667 0.02
0.01483333 0.017
0.02006667 0.038
0.0313 0.042
0.02421667 0.026
0.02136667 0.031
0.02991667 0.042
0.03181667 0.048
0.02953333 0.081
0.04266667 0.066
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TSI vs BETA GAUGE READINGS
5* 0.14
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Figure 14. Beta Gauge versus TSI DustTrak Readings 
Sampling Reading Correction
Since the particle sampling points in the wind tunnel 
are downstream of one air inlet opening that dilutes the 
air passing over the working section, the measured 
concentrations were lower than actual values in the test 
section. This is shown schematically in Figure 15. The 
point of measurement is actually a mixture of outside air 
and air that has passed over the test section.
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Figure 15. Air Flow Through the Working Section and the 
Elutriation Chamber
a. In the working section (shown by the hatched region in
Figure 15), a mass balance can be calculated as shown in
Figure 16.
The mass balance for this figure is:
mass. + mass . . = mass .
i n  g e n e r a t e d  o u t
or
Qa^a f e^rode ~ Qa^ts
(9)
where,
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a
tunnel,
CtB
section,
m
e r o d e
= Concentration from the air entering the
= Concentration in the exit from the test
= Mass generated from the test section, and 
= Volumetric flowrate entering the tunnel.
Qa, Ca i ft) erode Qa, ;Cts
=j=o t t t t t t
Test Section
( 1 ) [2)
Figure 16. Mass Balance Through the Working Section
b. Dilution section (Figure 17):
The mass balance for this figure is:
mass. + mass... .. = mass .
i n  d i l u t i o n  o u t
or
Qac ts + Qb° b = (Qa+Qb)Cc
(10)
(Qa + Qb)Cc
' ■ A ) .......n .... :
Qb,
! -
i !
j  I
i
! i
Cb (Qa + Qb)Cc
| j 
■  ! ' !
Qa, Cts
:2 ) (3)
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Figure 17. Mass Balance Through the Dilution Chamber
where,
Cb = Concentration from the air entering the damper,
Cc = Concentration measured at the sampling point, and 
Qb = Volumetric flow rate entering the damper.
Therefore
_ Cc(Qa+Qb) Qb 
tS Qa Qa (11)
or since C = Cw.
a b ’
' t s
Cc(Qa+Qb)~CaQb
Qa
if C = 0  (or at least C «  C ) , then
a  '  a  c  • ’
Cts = Cc ( l  + § )
But we want merode. From equation (9 ) ,
M e r o d e = Q  a*~ t s ~ Q  a*--a
therefore,
^ e r o d e  ~  ^ a ( ^ t s  ^ a  )
Substituting equation (10) into (15),
C (O +Q„)-C Ctm____ = n (_° a b;___ a b -(7 \
“ ‘e r o d e “ a \ ^a/
«\a
^er o d e  = ^ c ( Q a + Q b ) ~ C a Q b ~ C a Q a 
M e r o d e  = C c ( Q a  +Q b  ) ~ C a ( <?fl +^b  ) 
M e r o d e = ( C?a +<?b ) ( C c ~ C a )
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(12)
(13)
(14)
(15)
(16)
(17)
(18) 
(19)
For the TSI data we get Cc directly. For the filter, 
cyclone, and saltation data Cc is found in the following 
way;
Using the Kline and McClintock Technique, we determined 
the amount of error in determining computed concentration 
from the test section. The Kline and McClintock Technique 
is defined as the square root of the sum of the squares of 
the partial deriavative of each variable and multiplied by 
the error of the variable. Rewriting equation (12) we 
computed the error for Cts.
net mass
QjAt (20 )
where, = Qa + Qfa for the saltation data, and
Q = 40 cfm for the cyclone and the PM-10 data.
Error Analysis
(21)
Applying the Kline and McClintock Technique,
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dCts , dCts 
uc = [ ( ur )2 + (  ^ gur ) ‘
a C
( d- t-s U )2 + ( 30 )2l1/2
( u°-} ( aeb ^  J
which reduces to,
uct.  = [ ( ( - ^ u c a ) 2 + ( 1  + ) u c c ) 2 + 
( ( M l  - M / )u )2 + ( ( £ c  _a£ a )u )2]1/2
U  0 2 n 2 )U0j ' * Q  Q )U0b> J
Qa Qa ^ a ^ a
For typical values the error in Cts is as follows: 
Ca = 0.015 +/- 0.015 mg/m3 
Cc = 15 . 5 +/- 0.001 mg/m3 
Q = 800 +/- 10% or 80 cfma
Qb = 1440 - Qa = 640 +/- 10% or 64 cfm
(2 2 )
(23)
Cts = 27.89 +/- 1.75 mg/m3 or +/- 6%
Chapter 3
Portable Wind Tunnel Operational Procedures
It is necessary at this time to describe in detail the 
steps followed in the field with the portable wind tunnel. 
This will help in undertanding the data that will be 
presented in the following chapters.
Portable Wind Tunnel Set-Up Procedures
On arriving at a wind tunnel test site, a set-up 
location is selected based on the following criteria;
a. The ground needs to be flat for a minimum of 
fifteen feet by five feet, because the flow straightener 
section, test section, elutriation chamber and the stand 
for the PM-10 filter and cyclone all need to be placed at 
nearly the same elevation.
b. The location needs to free of most, if not all, 
vegetation, because the test results are based on soil 
surface wind erosion without any cover.
c. The selected surface should be characteristic of 
the typical soil surfaces throughout the vacant land area. 
This is extremely important, because we are trying to 
characterize emissions from a vacant land parcel from 
measurements made at one or two locations.
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The next step is to set up the wind tunnel:
1. The first part of the wind tunnel to be set-up is 
emplacement of the test section. When placing the test 
section, the entire set-up is visualized, making sure that 
the flow inlet is pointed away from vegetation or debris, 
and that the PM-10 filter stand will be clear of any 
obstructions.
2. The flow straightener section is the second part to be 
connected. It is gently attached to the test section, 
making sure not to disturb the surface between the two 
sections.
3. The elutriation chamber is the third part to be 
connected. The elutriation chamber is gently connected to 
the test section, making sure not to disturb the surface 
between the two sections. The diverger damper is closed 
to keep debris from entering the elutriation chamber.
4. Remove any rocks or unlevel surfaces under the rubber 
skirt of the test section. Cover the rubber skirt with 
soil. At the joints between the test section and another 
section add additional soil to ensure no leakage.
5. Insert the riser tube into the elutriation chamber.
6. Inert the U-tube into the vertical tube, making sure 
that the open end of the U-tube is parallel with the wind 
tunnel.
7. Place the PM-10 stand box on the ground approximately
one and half feet away from the elutriation chamber on the 
side of the PM-10 sampling tube of the U-tube.
8. Unfold and screw together the two sections of the PM- 
10 filter stand. Place the stand on the box. The two PM- 
10 filter rails should be perpendicular to the wind 
tunnel.
9. Using surgical gloves remove the PM-10 filter from its 
bag and place on the PM-10 filter holder. Place the top 
section of the PM-10 holder over the filter and screw the 
unit together.
10. Screw the PM-10 filter holder to the venturi tube and 
motor.
11. Place the entire PM-10 filter section through the top 
of the PM-10 stand until the wheels rest on the PM-10 
filter rails.
12. Insert the cyclone into the PM-10 filter holder and 
tighten the screws, making sure that the horizontal arm 
points towards the PM-10 sampling tube pointing out of the 
U-tube.
13. Screw the cyclone to the PM-10 sampling tube.
14. Attach the four inch flex hose to the open end of the 
U-tube and tighten the clamp.
15. Attach the open end of the flex hose to the velocity 
measurement box and tighten the clamp.
16. Remove the wooden legs from inside the velocity
measurement box and insert on the bottom of the box.
17. Insert the flow bypass into the open end of the 
velocity measurement box and tighten the clamp.
18. Insert the open end of the flow bypass into the 
blower box and tighten the clamp by adjusting the blower 
box over the flow damper.
19. Place generator away from the wind tunnel. Preferred 
distance is at least twenty feet to avoid any effects on 
the wind tunnel.
20. Connect electrical cords from the generator to the 
blower and PM-10 filter motor.
21. Connect and zero manometers to the averaging pitot 
tube in the velocity tube and the pitot tube in the test 
section.
22. Connect the TSI instrument tubing to the vertical 
tube sampling outlet. Turn the instrument on to clear any 
dust from the tubing.
23. Record temperature, humidity, and barometric 
pressure.
24. Adjust the diverger damper to the full-open position.
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Determining Threshold Velocity 
and the Velocity Profile
Threshold Erosion Velocity:
It is important to know at what wind speed the surface 
begins to erode. This point is defined as threshold 
erosion velocity. The procedure to determine threshold 
erosion velocity is as follows:
1. The generator is turned on, and allowed to stablize 
after after a few minutes.
2. The pressure reading on the averaging pitot tube is 
adjusted to average 3.13 inches of water.
3. The PM-10 filter and cyclone are checked for any air 
leaks.
4. The TSI instrument is checked to make sure it is 
reading.
5. The gate of the diverger damper is gradually closed.
It is critical to do this slowly, because a slight 
increase of the velocity will cause the surface of the 
soil to cross the threshold and begin to move.
6. While closing the gate, the TSI instrument is 
monitored for any sudden increase in the readings. Once 
the TSI instrument reaches 1.00 mg/m3, the gate of the 
damper is opened enough to cause the TSI instrument 
readings to begin decreasing. At this point we have 
reached the threshold velocity. The velocity profile then
determined at this damper setting.
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Velocity Profile
The steps for determining the velocity profile are as 
follows:
1. The pressure reading in inches of water from the pitot 
tube in the test section are recorded at a series of 
elevations between 0.0 and 7.0 cm.
2. The pressure readings are converted to velocity using 
equation (2).
3. These values can then be plotted on semi-log graph, 
where log10(elevation) is the y-axis and the velocity in 
miles per hour is on the x-axis. If a line is fitted 
through the points we can estimate the velocity at ten 
meters. This velocity is the threshold velocity. In 
addition, the point where the line crosses the y-axis is 
the aerodynamic roughness height, which is defined as the 
height at which the airstream velocity drops to zero due 
to surface friction.
4. Instead of having to manually plot these points and 
compute velocities for all of the sites, a computer 
program was written in Microsoft Q-basic(r). The source 
code for this is listed in Appendix C.
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Portable Wind Tunnel Test Procedure
The next procedure is for determining the quantity of 
soil erosion during different wind speeds. The guides of 
the diverger damper have points marked at equal distances 
to indicate damper position. In addition, the TSI 
instrument is capable of recording data that can later be 
transferred to a computer. The instrument has three 
settings; "logl" where the instrument merely displays 
readings, and "log2" and "log3" where the instrument can 
be programmed to store information for any of several 
different time intervals and any length of time. For our 
purposes, program "log2" to record one data point every 
second for ten minutes. The steps for deteriming the 
amount of erosion are as follows:
1. The TSI instrument is configured for "log2."
2. The averaging pitot tube pressure is checked to make 
sure it reads 3.13 inches of water.
3. Simultaneously, the TSI instrument is started and the 
damper gate is moved to the pre-determined mark on the 
guides.
4. The wind tunnel is left to run for ten minutes. At 
the end of ten minutes the damper gate on the diverger is 
opened and the generator is turned off.
5. The cyclone is removed from the PM-10 sampling tube in 
the U-tube, and unclamped from the PM-10 filter holder.
The top of the cyclone is removed. The collected soil is 
brushed out into a preweighed, one gallon, sealable, 
plastic bag. The top of the cyclone is screwed back on.
6. The electrical cord is disconnected from the PM-10 
motor. The PM-10 filter holder and motor is lifted out of 
the PM-10 filter stand. The top half of the PM-10 holder 
is unscrewed and removed. Using surgical gloves, the 
filter is removed from the holder and placed in a 
preweighed, one gallon, sealable, plastic bag. A new 
preweighed filter is placed in the PM-10 holder and the 
top half of the PM-10 holder is fitted and screwed back 
into place.
7. The back door of the elutriation chamber is opened.
The collected soil is brushed out into a preweighed, one 
gallon, sealable, plastic bag. The door is reattached to 
the elutriation chamber.
8. The PM-10 holder and motor is repositioned on the PM- 
10 rails. The cyclone is reattached to the PM-10 holder 
section with the horizontal arm of the cyclone pointed 
towards the PM-10 sampling tube in the U-tube. The 
cyclone is screwed onto the PM-10 sampling tube.
9. The electrical cord is reattached to the PM-10 motor.
10. Steps (1) through (9), are repeated until, on the 
last run, the diverger damper is completely closed.
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CHAPTER 4 
RESULTS
SOIL ANALYSIS 
This section covers determination of the amount of 
potential fugitive dust on the surface of the soil layer. 
The two main soil particle aerodynamic diameters of 
concern are 10 microns and 2.5 microns, PM-10 and PM-2.5 
respectively. We will mainly be looking at PM-10, because 
the U.S. Environmental Protection Agency (EPA) standards 
are set on previous research on the effects of different 
levels of PM-10 and human health. We will also look at 
PM-2.5, because it is felt that these smaller particles 
may have a bigger effect on human health. Because of 
these concerns, EPA may be changing the standard from PM- 
10 to PM-2.5 in the near future.
Soil samples were collected throughout the Las Vegas 
Valley, with some emphasis placed on soils with high PM-10 
levels according to the work done in July through 
September 1994 soil survey (Haun and James, 1994). The 
initial task was to determine location of sampling sites. 
It was determined that seven USGS 7.5 minute quadrangles 
would cover the valley from Sunrise and Frenchmen 
mountains in the east to the Sheep Range mountains in the
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Figure 18. Study Area; Outlined by Seven Quadrangles
north to the Red Rock mountains in the west, and to the 
McCullough mountains in the south. The seven quadrangles 
chosen were Las Vegas Northeast, Las Vegas Northwest, Blue 
Diamond Northeast, Henderson, Las Vegas Southeast, Las 
Vegas Southwest, and Blue Diamond Southeast. To keep 
sampling uniform it was decided to break the quadrangles 
down into smaller units. This was accomplished by 
splitting each quadrangle .into four equal units as shown 
in Figure 18. Each of the four units were named 
northeast, northwest, southeast, and southwest. Four
sampling sites were then selected in each unit. When a 
site fell on a soil group #1, mountains, this site was 
eliminated from the map, because amounts of PM-10 blown in 
this soil surface were expected to be insignificant.
Since the sampling effort was to be conducted over a short 
period of time, a priority list was established. The 
first samples to be collected were around or near the 
Health District's air quality monitoring stations.
Second, samples from the Las Vegas Northeast and Las Vegas 
Northwest quadrangles would becollected, because of the 
high soil PM-10 found in 1994 (Haun and James, 1994). 
Third, collect samples from the Henderson quadrangle, 
because this area was under represented in the 1994 soil 
survey. Fourth, collect samples from the Blue Diamond 
Southeast and Las Vegas Southwest quadrangles, because of 
the potential future population growth in this area. 
Fifth, collect from the remaining sites. Of the one 
hundred possible collection sites, fifty-six were 
completed, and we were able to complete four of the five 
priorities. The collection sites for 1994 are shown in 
Figure 20, and the collection sites for 1995 are shown in 
Figure 21. The analysis and results of these soil 
samples are discussed in further detail below.
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Figure 19. Grid System
Analysis of collected soil samples was conducted by 
deteriming the particle size distribution following 
American Safety and Testing of Materials (ASTM) standards. 
ASTM C 136 was used for sieving the particles from 76.2 mm 
to 2.00 mm. This method determines the percentage of a 
range of soil particles by vigorously shaking a stack of 
sieves. ASTM D 422 was used to determining the percentage 
of particle sizes from 0.075 mm and down by using the 
hydrometer method. This method determines the density of 
a solution of soil and water at various time intervals.
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Figure 20. Location of 1994 Collected Soil Samples
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Figure 21. Location of 1995 Collected Soil Samples
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From the solution density, the mass fraction of soil 
particles in a particular diameter range can be 
determined. The basic procedure for determining the soil 
particle size distribution started with approximately one 
thousand grams of a representative soil sample taken from 
the top one inch of the soil surface layer in the field 
with a flat scoop. The sample was placed in a sealed one 
gallon plastic bag and taken back to the laboratory. At 
the laboratory the sample was weighed and placed in a 
sieve stack. The sample was initially sieved through a 
1", 0.75", 0.375", Number 4, and Number 10 sieves by a 
mechanical siever. After the sieving was complete, a 
representative sample of one hundred grams passing the 
Number 10 sieve was collected from the initial sieving, 
and placed overnight in a beaker with 125 ml of 4% sodium 
hexametaphosphate (NaP03), a dispersion agent. The 
hydrometer test began the next morning with the soaked 
soil sample for approximately twenty-four hours. After 
the hydrometer test the contents of the hydrometer jar 
were washed through a Number 200 sieve with openings of 
0.075 mm. The soil particles retained on the sieve were 
oven dried, and sieved through a stack of sieves: Number 
20, Number 40, Number 100, and Number 200. The percentage 
of soil retained on each sieve was then recalculated based 
on the initial amount of soil passing the Number 10 sieve
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in the first sieve test of the sample. This procedure was 
repeated for all eighty-four samples. The results of 
these tests are shown in Table A.2. The table presents 
data for each soil sample by wind tunnel set-up number, 
whether the soil is disturbed, the major soil group 
number, and then the percentage of soil particles larger 
then various diameters from 76.2 mm down to 0.002 mm.
Using this table as a data base, percentages of PM-10 and
PM-2.5 were compared among the following categories: 
overall soil samples, various major soil groups, and 
various locations in the Las Vegas Valley.
As a whole, disturbed soil exhibited a higher 
percentage PM-10 and PM-2.5 then when the soil layer is 
not disturbed. Table 4 shows that, average PM-10 content 
in disturbed soils was about six percent higher than for
undisturbed soils. In addition, average PM-2.5 for
disturbed soils was about two and half percent higher than 
for undisturbed soils. When a soil surface is disturbed 
the underlying layer is exposed to the surface. The 
underlying soil has a higher PM-10 concentration, because 
much of the exposed surface PM-10 has blown away. There 
are two major undisturbed soil surfaces in the Valley. In 
much of the outlying areas of the Valley near the 
mountains the surface is covered by desert pavement. 
"Generally, wind can move only sand dust size particles,
so that deflation leaves a concentration of coarser 
material called Desert pavement or lag deposits.
Deflation occurs only where unconsolidated material is 
exposed at the surface. It does not occur where there are 
thick covers of vegetation or layers of gravel" (Hamblin, 
1985). Much, if not all, of the loose soil particles have 
eroded away, leaving a rocky surface. These rocks have 
oxidized and in some areas are cemented together to form a 
flat conglomerate rocks that covers the sandy surfaces 
below. Comparison of test results from undisturbed and 
disturbed sites shows that, once the desert pavement is 
removed, the percentage of PM-10 and PM-2.5 increases.
The second case, is sandy soils found in the central 
and northwest parts of the Valley. The soils form a thin 
crusted surface layer with some gravel. In addition, the 
vegetation is much thicker on these soils. In fact, it is 
because of the vegetation that erosion is held to minimum. 
Once these soils have been disturbed, the vegetation, 
crusted surface, and gravel are gone and the sandy soils 
below are exposed.
The next obvious situation to look at was to compare 
undisturbed and disturbed soils by soil group. In the Las 
Vegas Valley there are nine major soil groups, classified 
as follows (Speck and McKay, 1985):
Soil Group One - Rock outcrop and St Thomas Akela, Rock
60
outcrop and shallow and very shallow soils on hills 
and mountains,
Soil Group Two - Cave, Las Vegas, and Goodsprings, 
shallow and very shallow soils on alluvial 
remnants,
Soil Group Three - Jean and Arizo, very deep soils on 
recent alluvial fans,
Soil Group Four - Blue Point and Knob Hill, very deep 
soils on sand sheets,
Soil Group Five - Weiser and Dalian, very deep soils on 
fan remnants, fan skirts, and inset fans,
Soil Group Six - Caliza and Aztec, very deep soils, on 
fan remnants,
Soil Group Seven - McCarran, very deep soils on basin 
floor remnants,
Soil Group Eight - Glencarb, very deep soils on flood 
plains and alluvial fans, and 
Soil Group Nine - Land Springs, very deep, salt- 
affected soils on alluvial flats.
For our study, two of those groups were eliminated. Soil 
group one is the mountains which contain a very small 
amount of PM-10 or PM-2.5, because the surface is covered 
with rocks. Soil group four is found in Boulder City, 
which is located outside of our study area. This leaves 
us with seven soil groups. According to Tables 5 and 6,
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one can see average value for particles less than 0.01 and
0.0025 nun found in disturbed soil groups were usually a 
little higher than average values found in undisturbed 
soil groups. A typical soil particle distribution is 
shown in Figure 22.
The next situation to look at was the location of the 
soils. In Table 7 and 8 the percentage of PM-10 and PM-
2.5 is shown as an average of the samples collected in 
each unit of the seven quadrangles. Average PM-10 and PM-
2.5 contents in disturbed soil samples were a little 
higher than undisturbed soil samples. Hence, a disturbed 
soil will have a higher potential to generate fugitive 
dust than an undisturbed soil.
According to Gillette (1978), one of the important 
aspects in controlling aeolian soil erosion is crust 
formation. A soil high in clay tends to form thick 
crusts. Sandy soils depleted in clays do not have this 
capability. Crusts are formed by the clay particles 
strongly adhering to themselves and to larger soil 
particles. Once the crust is formed, wind has very 
little, if any, effect on eroding the soil surface. Since 
clay is an important factor in controlling soil erosion we 
decided to classify each of the collected soil samples by 
calculating the percentage of soil particles in several 
broad size ranges. Sand particles were determined to be
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between 4.75 mm and 0.075 mm. Silt particles were 
determined to be between 0.075 mm and 0.002 mm. Clay 
particles were determined to be below 0.002 mm. Then the 
soil samples were classified by the percentage of sand, 
silt and clay according to the U.S. Department of 
Agriculture textural classification chart (Figure 23). 
Table A.3 shows the results of this classification. As is 
summarized in Table A.4, average clay content ranged from 
7.3 to 16.7% in undisturbed soils and from 6.0 to 16.4% in 
disturbed soils. The amount of clay does not necessarily 
represent whether a crust will form, but how resistant the 
crust will be against wind erosion. The highest average 
percent clay is in soil groups two, eight, and nine; soils 
formed on alluvial fan remnants. The lowest average 
percent clay is in soil group seven; soils formed on basin 
floor remnants. Hence, part of the problem with PM-10 
levels above the EPA standard due to high wind events in 
the Las Vegas Valley may in part be due to the clay 
content of surficial soils.
The 1994 soil samples collected by Haun and James,
(1994) were combined with the 1995 soil sample data to 
improve our statistical analysis.
1. Table A.6 shows that the average percent PM-10 in 
disturbed soils is higher than in unditurbed soils.
2. Table A.7 and A.8 show the average percent PM-10
and PM-2.5 in disturbed and undisturbed soil 
samples by soil group.
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3. Table A.9 and A.10 show the average percent PM-10 
and PM-2.5 in undisturbed soil samples by 
quadrangle and unit.
4. Table A.11 shows the percentage of clay in the 
soils samples passing the number ten seive.
5. Table A.12 shows the soil classification of the 
samples by soil group.
This concludes our soil analysis. We will now turn our 
atttention to the analysis of wind erosion.
Table 4. Summary of Percent Precent of Particles less 
than 0.01 amd 0.0025 mm, 1995 Collected Samples.
Number Average Std Average Std
0.010mm Dev 0.0025mm Dev
Summary of the 84 Samples Collected in 1995:
Undisturbed Soil 52 19.8 10.3 11.5 6.2
Disturbed Soil 32 26.1 11.7 13.9 6.8
Table 5. Percent Precent of Particles less than 0.01 amd 
0.0025 mm by Soil Group, 1995 Collected Samples; 
Undisturbed Soil.
Soil Number of Average Std Average Std
Number Samples 0.010mm Dev 0.0025mm Dev
2 18 21.0 7.8 12.2 5.9
3 2 11.5 1.3 8.3 0.4
5 9 18.0 13.4 10.5 7.1
6 8 8.4 3.9 5.4 2.5
7 4 18.6 3.3 11.3 1.5
8 8 30.0 8.2 16.0 6.0
9 3
Total: 52
27.5 4.8 17.4 4.3
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Table 6. Percent of Particles less than 0.01 amd 0.0025 
mm by Soil Group, 1995 Collected Samples; Disturbed Soil.
Number of Average Std Average Std
Samples 0.010mm Dev 0.0025mm Dev
2 10 21.9 12.9 12.9 6.7
3 1 5.9 0.0 3.8 0.0
5 2 15.0 13.1 8.2 5.9
6 0 N/A N/A N/A N/A
7 0 N/A N/A N/A N/A
8 14 30.4 10.0 18.1 4.6
9 5
Total: 32
30.9 3.2 8.5 5.9
Table 7. Average Precent of Particles less than 0.01 amd 
0.0025 mm by Quadrangle and Unit, 1995 Collected Samples; 
Undisturbed Soils.
Quadrangle Unit Number Avg
0.010
Std
Dev
Avg
0.0025
Std
Dev
Blue Diamond NE SW 3 15.1 9.4 7.7 3.7
Blue Diamond SE NE 3 20.3 6.2 10.7 5.4
Blue Diamond SE SE 5 16.7 7.8 8.5 2.7
Henderson SW 4 6.5 3.8 4.2 2.9
Las Vegas NE NE 3 23.0 9.1 13.9 5.3
Las Vegas NE NW 7 31.0 11.3 17.1 7.4
Las Vegas NE SE 3 12.1 3.6 8.2 3.2
Las Vegas NE SW 1 21.2 ---- 9.0 ---
Las Vegas NW NE 6 28.4 9.4 18.0 6.6
Las Vegas NW NW 1 9.4 0 6.2 0
Las Vegas NW SW 1 18.2 0 10.2 0
Las Vegas SE NE 2 21.5 13.2 12.9 7.2
Las Vegas SE NW 2 25.9 5.5 17.2 6.0
Las Vegas SE SE 2 8.9 3.4 7.0 0.2
Las Vegas SW NE 1 15.9 0 10.4 0
Las Vegas SW NW 1 21.5 0 10.4 0
Las Vegas SW SE 3 19.5 3.4 11.6 1.6
Las Vegas SW SW 
Total:
4
52
15.4 9.2 9.8 4.3
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Table 8. Average Precent of Particles less than 0.01 amd 
0.0025 mm by Quadrangle and Unit, 1995 Collected Samples; 
Disturbed Soils.
Quadrangle Unit Number Avg Std Avg Std
0.010 Dev 0.0025 Dev
Blue Diamond NE SW 1 5.7 0 4.0 0
Henderson SE 1 5.9 0 3.8 0
Las Vegas NE NE 1 20.2 0 14.8 0
Las Vegas NE NW 4 29.3 10.1 18.1 5.2
Las Vegas NE SE 8 32.6 10.9 18.4 5.2
Las Vegas NW NE 4 25.2 8.5 12.7 4.4
Las Vegas NW NW 3 35.9 8.6 22.3 1.1
Las Vegas NW SE 4 31.4 3.5 5.9 1.3
Las Vegas NW SW 1 17.0 0 11.2 0
Las Vegas SE NW 1 29.0 0 18.8 0
Las Vegas SW NW 
Total:
4
32
11.1 4.4 8.0 2.2
WIND TUNNEL RESULTS 
As discussed in Chapter Two, ninety-nine sites were 
originally designated for wind tunnel testing. Of the 
designated sites, fifty-two sites were actually tested by 
the portable wind tunnel. To increase the reliability of 
data collected in the field, some sites were tested 
several times to determine their small scale spatial and 
short term temporal variability. During the field testing 
phase, the portable wind tunnel was set-up seventy-eight 
times. Figure 24 shows the location of all the sites and 
set-ups tested by the portable wind tunnel. A summary of 
the number of tested sites in each quadrangle is shown in 
Table 9, and a summary of the number of sites tested in
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Figure 24. Portable Wind Tunnel Deployments
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each major soil group is shown in Table 10. The results 
of the wind tunnel runs are shown in Appendix D.
TS1 Data Analysis:
Because the sampling of the TSI DustTrak, cyclone, 
and PM-10 filter, are downstream of the air inlets, a 
correction was performed on the data as discussed in 
Chapter Two.
Some measured values of the cyclone and the PM-10 
filter were unreliable. A close observation of Appendix D 
shows that both the cyclone and PM-10 filter have 
occasional negative numbers. Obviously the mass collected 
in theses filters can not be negative. The probable 
reason for the error found with these filters masses is 
mechanical. On sites with low erodibility, only a small 
amount of soil particles was captured during the ten 
minute test runs. Error was partially caused by weighing 
plastic sealable bags and filter paper in the laboratory, 
handling in the field, and later weighing the bag and soil 
in the laboratory. In addition, the highly sensitive 
scale in the laboratory did not fully stabilize. An 
attempted correction was done by recording ten weights and 
then computing the average. Because the cyclone and PM-10 
filter data were not completely reliable, the following 
analysis is based on the TSI and saltation data.
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TSI Data Analysis:
TSI PM-10 Concentration vs Time 
Run
50 -
20 -
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Figure 25. Run #1 - TSI PM-10 Concentrations 
(1 Second Intervals for 10 Minutes)
As discussed in Chapter Two, the TSI sampling inlet 
is downstream of two air inlets. Typical continuous data 
collection for each run at a one site (wt006) is shown in 
Figures 23-25. Information stored in the TSI instrument 
is converted to a spreadsheet format. A typical
spreadsheet format (wt006) is shown in Figure 26. The raw
TSI data for all of the sites is shown in Table . The raw
TSI data was corrected to find the actual concentration of 
PM-10 in the test section. Using the mass balance 
equation derived in Chapter Two (equation 3.) all of the
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TSI PM-10 Concentralion vs Time 
Run #2
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Figure 26. Run #2 - TSI PM-10 Concentrations 
(1 Second Intervals for 10 Minutes)
TSI PM-10 Concentration vs Time 
Run #3
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Figure 27. Run #3 - TSI PM-10 Concentrations 
(1 Second Intervals for 10 Minutes)
raw data was converted to corrected values (Table ). The 
corrected TSI PM-10 concentrations were plotted in Figures 
29-42.
Table 9. A Summary of the Sites Tested by Quadrangle.
Quadrangle Sites Tested Sites not Tested Sites
Henderson 4 5 9
Las Vegas NW 11 4 15
Las Vegas NE 13 4 17
Las Vegas SW 11 6 17
Las Vegas SE 4 13 17
Blue Diamond NE 2 12 14
Blue Diamond SE 7 3 10
Total: 52 47 99
Table 10. A Summary of the Sites Tested by Soil Group. 
Major Major
Soil Soil Sites
Group Group Sites Not Total
# Name Tested Tested Sites
1 Rock Outcrop, St. Thomas-Akela 0 0 0
2 Cave, Las Vegas, Goodsprings 22 12 34
3 Jean, Arizo 3 10 13
4 Bluepoint, Knob Hill 0 0 0
5 Weiser, Dalian 4 4 8
6 Caliza, Aztec 7 10 17
7 McCarran 4 7 11
8 Glencarb 10 0 10
9 Land, Spring 2 4 6
Total: 52 47 99
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TSI PM-10 Concentration vs Wind V elocity
Undisturbed Soils
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Figure 29. Undisturbed Soils; TSI PM-10 
Concentrations vs Wind Velocity
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Figure 30. Disturbed Soils; TSI PM-10
Concentration versus Wind Velocity
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Figure 31. Undisturbed Soil Group Two; TSI PM-10 
Concentration versus Wind Velocity
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Figure 32. Disturbed Soil Group Two; TSI PM-10
Concentration versus Wind Velocity
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Figure 33. Undisturbed Soil Group Three; TSI PM- 
10 Concentration versus Wind Velocity
TSI PM-10 C oncentration vs Wind Velocity 
Disturbed Soil Group 3
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Figure 34. Disturbed Soil Group Three; TSI PM-10
Concentration versus Wind Velocity
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Figure 35. Undisturbed Soil Group Five; TSI PM-10 
Concentration versus Wind Velocity
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Figure 36. Disturbed Soil Group Five; TSI PM-10
Concentration versus Wind Velocity
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Figure 37. Undisturbed Soil Group Six; TSI PM-10 
Concentration versus Wind Velocity
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Figure 38. Undisturbed Soil Group Seven; TSI PM-
10 Concentration versus Wind Velocity
TSI PM-10 C oncentration v s  Wind Velocity 
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Figure 39. Undisturbed Soil Group Eight; TSI PM- 
10 Concentration versus Wind Velocity
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Figure 40. Disturbed Soil Group Eight; TSI PM-10
Concentration versus Wind Velocity
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Figure 41. Undisturbed Soil Group Nine; TSI PM-10 
Concentration versus Wind Velocity
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Figure 42. Disturbed Soil Group Nine; TSI PM-10
Concentration versus Wind Velocity
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Saltation Analysis:
The saltation data does not need to be corrected, because 
the entire mass is collected from the test section in the 
elutriation chamber. The data for all sites is shown in Table 
D.5. To compute the flux rate we will to know; mass of the 
soil captured in the elutriation chamber, the area of the test 
section, and the length of time of the test run. In equation 
form:
Flux Rate = mass/area/time
(21)
All of the data was converted to cumulative flux rates in Table 
D.6, and plotted in Figures 43-56.
Cumulative Saltation Flux vs Wind Velocity 
Undisturbed Soils
100000
10000
10 M e te r  W ind V elocity, m p h
Figure 43. Undisturbed Soils; Saltation versus Wind 
Velocity
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Velocity
Cumulative Saltation Flux v s  Wind Velocity
Undisturbed Soil Group 2
100000
10000
0.1 - - I  ■ ■ t ■ - - - t   I I H — — t-
0 10 20 30 40 50 60 70 80
10 M e te r  W ind  V elocity , m p h
Figure 45. Undisturbed Soil Group Two; Saltation 
versus Wind Velocity
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Figure 46. Disturbed Soil Group Two; Saltation versus
Wind Velocity
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Figure 47. Undisturbed Soil Group Three; Saltation 
versus Wind Velocity
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Figure 48. Disturbed Soil Group Three; Saltation
versus Wind Velocity
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Figure 49. Undisturbed Soil Group Five; Saltation 
versus Wind Velocity
c0
'£ « 
” £
1  ^
1c  u .
100000 n 
10000
100
10
1
0.1
Cum ulative Saltation Flux vs Wind Velocity 
D isturbed Soil Group 5
---------------- 9------- ------- «*—
------1----- 1----- 1----- 1_---- 1----- H----- 1-----
10 20 30 40 50
10 M e te r  W ind V elocity, m p ii
60 70 00
Figure 50. Disturbed Soil Group Five; Saltation versus
Wind Velocity
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Figure 51. Undisturbed Soil Group Six; Saltation 
versus Wind Velocity
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Figure 52. Undisturbed Soil Group Seven; Saltation
versus Wind Velocity
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Figure 53. Undisturbed Soil Group Eight; Saltation 
versus Wind Velocity
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Figure 54. Disturbed Soil Group Eight; Saltation
versus Wind Velocity
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Figure 55. Undisturbed Soil Group Nine; Saltation 
versus Wind Velocity
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Figure 56. Disturbed Soil Group Nine; Saltation versus
Wind Velocity
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Discussion:
There are three different types of soil particle movement; 
surface creep, saltation, and suspension (Gillette 1981)(Figure 
57). Surface creep is observed in fairly large particles that 
do not lose contact with the surface. The particles tend to 
roll along the surface in the direction of the wind. This 
movement is caused by the shear forces acting on the particle 
due to a velocity gradient in the airstream. For saltation, 
smaller particles leave the surface of the ground for short 
period of time. The soil particle tends to bounce along the 
surface of the ground in the direction of the wind. For 
suspension, the soil particle actually leaves the surface of 
the ground and is entrained into the air flow by turbulence. 
These particular particles can be carried by the wind for long 
distances.
Awareness of these process leads to an interesting 
question. Are the three types of wind erosion continuous or 
short lived? Our first assumption is that no new particles are 
introduced to the soil surface. Our second assumption is that 
the soil particles have the shape of spheres. With this in 
mind there can only be three types of soil surfaces: well- 
mixed, layered, and uniform. The following erosiion patterns 
are proposed.
A well-mixed soil surface (Fig. 58a) has a distribution of
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different soil particle sizes in the top layer. In this case, 
when air passes over the surface, the three types of wind 
erosion may occur simultananeously, if the wind is of 
sufficient intensity. Wind shear forces activate soil 
particles of a certain size and smaller to move. Once the 
surface is cleared of the smaller particles, the wind forces 
are unable to move the remaining large particles and erosion 
stops (Fig. 5 8b).
A layered soil surface (Fig. 59a) has different soil 
particle sizes that are well distributed with a cover layer of 
fine soil particles. In this case the wind forces are again 
able to activate soil particles of a certain size and smaller, 
but because of the fine soil particle layer the erosion event 
has a rapid suspension, a plateau, and then declines to zero as 
the fine layer is depleted (Fig. 59b). The plateau is caused
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Figure 57. Types of Soil Erosion Due to Wind
by the time period needed to erode the fine particle size soil 
down to the larger particles that the wind forces are unable to 
affect.
A uniform soil surface (Fig. 60a) has uniform soil 
particle sizes. Once the wind forces are able to move the soil 
particles the air movement is able to continually erode the 
surface. Since there are no larger particles to stop the 
erosion, the soil particles would begin eroding and continue to 
deplete at a steady rate (Fig. 60b). It should be noted that
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the graphs shown in the figures serve only to demonstrate the 
postulated effect of the wind event, and do not represent 
actual data in this report. Because the TSI recorded data at 
one second intervals for ten minutes, we are able to compare 
our cases to the actual data. In nearly every test run the 
field data compare favorably with well-mixed soil model 
(Figures 25-27). Because of this, it was concluded that the 
data for each increased wind speed could be added to data 
recorded at a lower wind speed to reflect the total amount of 
soil that would have eroded.
Table D.4 shows the results of adding the data from each 
of the lower wind speeds. We then rearranged the cumulative 
results by major soil group. Plots of this data according to 
soil group are shown in Figures 29-42. The spread of data 
appear to be about one and half magnitudes. Sometimes, but not 
always, the disturbed sites are higher than the undisturbed 
sites.
A.
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Figure 58. A Well-Mixed Soil Surface Model.
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Figure 59. A Layered Soil Surface Model.
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Figure 60. A Uniform Soil Surface Model.
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Relationship Between Fine Particulate 
in the Soil and PM-10 Entering 
the Air Stream
Is there a relationship between the amount of fine 
particulates less than 10 pm in the soil surface and the amount 
of PM-10 in the air? To answer this question, results were 
combined from soil and wind tunnel analysis sections. Average 
10 pm values for undisturbed and disturbed soil conditions for 
each major soil group were combined with the averaged measured 
TSI PM-10 concentrations for disturbed and undisturbed soils 
(Table 11). The table has been sorted by the wind velocity in 
ascending order. Then by five miles per hour increments, the 
values were plotted in Figures 61-76. The figures clearly show 
that there is no relationship between the percentage of 10 pm 
in the soil and PM-10 emitting from the soil.
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Figure 61. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 20-25 mph Wind Velocities
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Figure 62. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 20-25 mph Wind Velocities
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Figure 63. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 25-30 mph Wind Velocities
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Figure 64. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 25-30 mph Wind Velocities
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Figure 65. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 30-35 mph Wind Velocities
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Figure 66. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 30-35 mph Wind Velocities
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Figure 67. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 35-40 mph Wind Velocities
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Figure 68. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 35-40 mph Wind Velocities
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Figure 69. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 40-45 mph Wind Velocities
TSI PM-10 Concentration vs 10 Micron Soil Mass 
Fraction
(Disturbed Soils with Wind Velocities of 40 - 45 mph)
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Figure 70. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 40-45 mph Wind Velocities
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Figure 71. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 45-50 mph Wind Velocities
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Figure 72. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 45-50 mph Wind Velocities
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TSI PM-10 Concentration vs 10 Micron Soil Mass 
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Figure 73. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 50-55 mph Wind Velocities
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Figure 74. PM-10 Entrained versus Fine Particles in
Disturbed Soils; 50-55 mph Wind Velocities
TSI PM-10 Concentration vs 10 Micron Soil Mass 
Fraction
(Undisturbed Solis with Wind Velocities of 55 - 60 mph)
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Figure 75. PM-10 Entrained versus Fine Particles in
Undisturbed Soils; 55-60 mph Wind Velocities
TSI PM-10 Concentration vs 10 Micron Soil Mass 
Fraction
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Figure 76. PM-10 Entrained versus Fine Particles in
Disturbed Soils? 55-60 mph Wind Velocities
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Table 11. Test Site Percent Soil Mass Less Than 0.01mm and TSI 
PM-10 Concentration by Wind Velocity
Wind Percent TSI PM-10
Vel. 0.01 mm Cone. Site Soil
mph or less mg/m''! Number Group
Undisturbed Soils:
17.8 29.2 0.366 WTO 10 8
19.7 27 0.088 WT049 2
20.5 40 0.057 WT048 2
21.6 11.6 0.178 WTO 02 6
23.7 29.2 3.367 WTO 10 8
23.8 40 0.204 WT048 2
24.8 8.6 1.097 WTO 3 5 2
25 12.5 6.724 WTO 11 6
26.5 22.7 0.169 WTO 51 8
26.6 27 0.481 WTO 4 9 2
26.8 11.6 0.825 WT002 6
27.1 5.6 0.938 WTO 2 8 6
27.8 14.2 0.649 WTO 6 9 5
27.8 30.8 0.384 WTO 7 6 9
28 11.6 1.040 WT002 6
28.1 35 0.094 WT007 5
28.4 40 0.333 WT048 2
28.4 25 0.193 WTO 6 8 2
28.5 8.6 3.537 WTO 3 5 2
28.6 40 0.022 WTO 08 8
29 21.5 0.386 WTO 4 4 2
29.8 9.8 1.396 WT065 5
30.1 5.6 2.406 WTO 2 8 6
30.7 40 0.094 WTO 5 2 8
30.9 25 0.944 WTO 6 8 2
30.9 21.2 1.749 WTO 06 8
31.2 19.7 0.127 WTO 7 4 7
31.3 22.8 0.691 WTO 7 2 7
31.4 14.2 5.144 WTO 6 9 5
31.4 29.8 0.648 WTO 7 7 9
32 21.5 1.023 WT044 2
32 27 1.193 WT049 2
32 12.4 0.102 WTO 01 3
32.1 21 0.191 WTO 3 8 2
32.3 11.3 0.392 WT026 6
32.5 12.5 44.611 WTO 11 6
32.6 22.7 0.846 WT051 8
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Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S
mph or less mg/m'13 Number G
32.6 30.8 1.248 WTO 7 6 9
33 8.6 8.685 WTO 3 5 2
33.6 6.2 0.280 WTO 70 5
33.7 2.8 0.448 WTO 6 6 6
33.7 40 0.095 WTO 08 8
34.6 29.2 3.952 WTO 10 8
34.7 23.4 0.619 WTO 12 2
34.7 5.6 3.748 WTO 2 8 6
34.9 10.2 0.543 WTO 6 4 5
35 21.5 1.876 WTO 4 4 2
35.5 9.8 2.954 WTO 6 5 5
35.9 13.3 1.001 WTO 40 2
36.5 21 0.421 WTO 3 8 2
36.5 38 0.968 WTO 14 8
36.6 19.7 0.360 WTO 7 4 7
36.6 21.2 4.270 WTO 06 8
36.8 40 0.346 WTO 5 2 8
36.9 22.8 2.053 WTO 7 2 7
37 11.3 1.250 WTO 2 6 6
37 27.2 0.209 WTO 09 8
37.1 19.2 1.592 WTO 17 2
37.1 12.1 0.723 WTO 2 7 6
37.3 21.8 0.156 WTO 04 8
37.3 29.8 1.419 WTO 7 7 9
37.7 21.2 0.467 WTO 15 2
37.7 40 0.258 WTO 08 8
37.9 21.2 5.932 WTO 06 8
38.1 45.9 0.412 WTO 6 3 5
38.3 35 1.017 WTO 07 5
38.3 27.2 0.801 WTO 09 8
38.4 2.8 1.119 WTO 6 6 6
38.8 22 0.332 WTO 7 5 9
38.9 25 1.558 WTO 6 8 2
38.9 16 0.252 WTO 7 3 7
39.2 13.3 4.822 WT040 2
39.2 15.9 0.866 WTO 4 7 7
39.2 22.7 1.582 WTO 51 8
39.6 38 1.791 WTO 14 8
39.6 30.8 2.049 WTO 7 6 9
39.8 22.8 0.446 WTO 4 2 2
40.2 21 0.669 WTO 3 8 2
40.2 6.2 1.116 WTO 7 0 5
40.4 22.7 1.985 WTO 51 8
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Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S
mph or less mg/m'' 3 Number G
40.5 14.8 0.727 WTO 6 2 5
40.5 14.2 15.471 WTO 6 9 5
40.6 9.4 2.001 WTO 2 3 5
40.7 23.4 1.842 WTO 12 2
40.7 16.2 0.791 WTO 3 3 5
40.8 10.6 0.445 WTO 4 6 3
41.2 29 1.456 WTO 3 4 2
41.3 35 1.309 WTO 07 5
41.8 12.1 1.346 WTO 2 7 6
41.8 4.6 0.706 WTO 30 6
42.1 25 1.919 WTO 6 8 2
42.2 24.9 1.045 WTO 41 2
42.3 23.3 1.190 WTO 3 6 2
42.6 11.3 2.048 WTO 2 6 6
42.9 14.2 17.816 WTO 6 9 5
43 6.5 0.217 WTO 03 6
43.2 13.3 6.158 WTO 40 2
43.2 29.8 5.329 WTO 7 7 9
43.5 19.2 2.102 WTO 17 2
43.5 22.8 0.628 WTO 3 9 2
43.6 30.8 2.482 WTO 7 6 9
43.7 10.2 1.347 WTO 6 4 5
43.7 15.9 2.090 WTO 4 7 7
43.8 9.8 3.975 WTO 6 5 5
43.9 9.4 1.940 WTO 4 5 2
43.9 22.8 5.178 WTO 7 2 7
44.3 16 1.059 WTO 7 3 7
44.3 40 0.650 WT052 8
44.4 21.8 0.228 WTO 04 8
44.7 38 3.129 WTO 14 8
44.8 7.8 1.083 WTO 3 7 2
44.9 19.7 0.619 WTO 7 4 7
45.3 21.2 0.942 WTO 15 2
45.3 2.8 1.916 WTO 6 6 6
45.9 9.8 5.420 WTO 6 5 5
45.9 40 0.868 WTO 5 2 8
46.2 29 4.067 WTO 3 4 2
46.3 16.2 1.580 WTO 3 3 5
46.4 21.8 0.304 WT004 8
46.4 27.2 1.014 WTO 09 8
46.4 29.8 7 .276 WTO 7 7 9
46.8 10.6 1.240 WT046 3
47 22.8 7.042 WT072 7
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Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S
mph or less mg/mA3 Number G
47.1 14.8 2.947 WTO 6 2 5
47.2 45.9 2.231 WTO 6 3 5
47.7 12.1 2.628 WTO 2 7 6
47.8 9.4 4.689 WTO 2 3 5
47.8 22 0.800 WTO 7 5 9
48.1 23.4 2.651 WTO 12 2
48.1 19.7 0.866 WTO 7 4 7
48.4 15.9 3.245 WTO 4 7 7
48.5 24.9 2.021 WTO 41 2
48.8 2.8 2.322 WTO 6 6 6
49.1 6.2 2.879 WTO 70 5
49.3 22.8 1.195 WTO 3 9 2
49.4 23.3 2.477 WTO 3 6 2
49.6 18.2 1.973 WTO 2 5 2
49.6 6.5 1.130 WTO 03 6
49.6 4.6 1.379 WTO 30 6
50.2 19.2 2.826 WTO 17 2
50.4 9.4 3.145 WTO 4 5 2
50.4 6.2 3.482 WT070 5
50.6 7.8 2.192 WTO 3 7 2
50.6 12.4 1.875 WTO 01 3
50.8 16.2 2.177 WTO 3 3 5
50.9 6.5 1.771 WTO 03 6
51.2 10.6 2.635 WTO 4 6 3
51.8 29 8.311 WTO 3 4 2
52.8 21.2 1.377 WTO 15 2
52.8 16 2.294 WTO 7 3 7
53.5 24.9 2.870 WTO 41 2
54.2 10.2 3.641 WTO 6 4 5
54.5 10.2 4.295 WTO 6 4 5
55 18.2 4.373 WTO 2 5 2
55.6 7.8 4.763 WTO 3 7 2
55.8 16 3.096 WT073 7
55.9 23.3 4.122 WTO 3 6 2
55.9 22.8 1.939 WTO 3 9 2
56.1 22.8 1.389 WTO 4 2 2
56.3 9.4 7.207 WTO 2 3 5
56.4 4.6 1.964 WTO 30 6
56.7 9.4 4.809 WTO 4 5 2
58.1 45.9 2.763 WTO 6 3 5
58.2 22 1.751 WTO 7 5 9
58.4 12.4 2.543 WTO 01 3
59.3 45.9 3.874 WTO 6 3 5
Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site Soil
mph or less mg/mA3 Number Group
60.1 14.8 6.558 WTO 6 2 5
61 14.8 7.689 WTO 6 2 5
61.4 22 2.264 WTO 7 5 9
62.3 22.8 1.849 WTO 4 2 2
63.7 18.2 5.755 WTO 2 5 2
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Table 12. Test Site Percent Soil Mass Less Than 0.01mm and TSI 
PM-10 Concentration by Wind Velocity
Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S.
mph or less mg/m/v3 Number G:
Disturbed Soils ••
21.9 44.4 0.401 WTO 05 8
23.9 29 4.195 WTO 7 8 9
24 5.7 1.966 WTO 71 5
24.2 32 0.481 WTO 60 9
26.7 23.6 0.233 WTO 5 6 8
26.8 44.4 0.771 WTO 05 8
27.3 28 1.652 WTO 5 3 8
28.5 5.7 11.408 WTO 71 5
28.8 32 0.993 WTO 60 9
29.1 25 0.080 WTO 5 7 8
29.4 5.9 0.213 WTO 2 9 3
29.6 14.7 0.508 WTO 5 5 2
31.1 17 0.183 WTO 3 2 2
31.9 29 99.595 WTO 7 8 9
32 .3 25 0.336 WTO 5 7 8
32.3 32 1.133 WTO 5 8 9
32.4 16.4 1.282 WT031-G 8
32.4 28 3.576 WTO 5 3 8
32.4 23.6 0.802 WTO 5 6 8
32.5 5.9 0.808 WTO 2 9 3
33.2 35 2.076 WTO 2 4 9
33.3 8.4 2.775 WT043 2
33.3 5.7 22.923 WTO 71 5
34 15.1 1.266 WTO 16 2
34.1 14.7 2.453 WTO 5 5 2
34.1 26.7 0.244 WTO 5 9 9
34.2 14.9 0.840 WTO 50 2
34.4 35.1 1.744 WTO 18 2
34.5 6.3 0.250 WTO 5 4 2
34.8 17 0.322 WTO 3 2 2
35 24.5 27.886 WT031-H 8
35.3 5.9 1.123 WTO 2 9 3
35.8 25 0.474 WTO 5 7 8
35.9 32 1.698 WTO 60 9
36 5.7 26.590 WTO 71 5
36.7 31 2.354 WT031-F 8
37 .1 30 0.577 WTO 19 2
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Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S
mph or less mg/mA3 Number G
37.2 16.4 3.308 WT031-G 8
37 .6 45.8 0.312 WTO 21 2
37.6 17 0.447 WTO 3 2 2
37 .8 23.2 1.722 WTO31-A 8
37.9 14.9 4.096 WTO 50 2
37.9 41 1.691 WT031-B 8
38.2 15.1 1.684 WTO 16 2
38.4 8.4 7.141 WTO 4 3 2
38.4 20.2 3.064 WTO 13 8
38.6 24.2 1.038 WTO 61 5
39 32 1.936 WTO 60 9
39. 1 29 190.721 WTO 7 8 9
39.2 23.6 1.161 WTO 5 6 8
40 26.7 0.653 WT059 9
40.2 24.5 52.635 WT031-H 8
40.4 30 1.446 WTO 19 2
40.6 45.8 0.775 WTO 21 2
40.7 31.8 0.118 WTO 2 2 2
40.8 47.5 4.360 WT031-C 8
40.8 32 2.798 WTO 5 8 9
40.9 16.4 4.980 WT031-G 8
41.1 23.6 1.509 WTO 5 6 8
41.1 35 5.754 WTO 2 4 9
41.5 28 6.950 WTO 5 3 8
41.6 25 0.718 WTO 5 7 8
41.9 6.3 0.702 WTO 5 4 2
42.2 14.7 4.181 WTO 5 5 2
42.2 31 4.375 WT031-F 8
42.3 29 195.761 WTO 7 8 9
42.4 43.5 2.046 WT031-E 8
42.4 28 7.602 WTO 5 3 8
42 .5 15.1 3.173 WTO 16 2
43.3 14.7 4.723 WTO 5 5 2
43.4 24.5 101.622 WT031-H 8
43.5 23.2 4.971 WTO31-A 8
43.6 41 4.963 WT031-B 8
43.9 14.9 12.700 WTO 50 2
44.2 35.1 3.291 WTO 18 2
44 .5 14.9 10.853 WTO 50 2
44.6 24.2 3.181 WTO 61 5
44.7 31.8 0.385 WTO 2 2 2
44.8 8.4 14.096 WTO 4 3 2
45 30 2.091 WTO 19 2
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Wind Percent TSI PM- 10
Vel. 0.01 mm Conc. Site S
mph or less mg/m'' 3 Number G
45.1 22.8 0.240 WTO 20 8
45.6 22.8 0.574 WTO 20 8
46 23.2 9.143 WTO31-A 8
46 35 7.367 WTO 2 4 9
46.5 45.8 1.128 WTO 21 2
46.5 41 10.654 WT031-B 8
46.5 31 6.655 WT031-F 8
46.9 47.5 9.148 WT031-C 8
47.7 34 4.213 WT031-D 8
48.3 20.2 8.988 WTO 13 8
48.8 43.5 4.469 WT031-E 8
49.5 47.5 14.837 WT031-C 8
49.8 32 4 .637 WTO 5 8 9
50.4 35.1 4.791 WTO 18 2
50.9 32 5.462 WT058 9
51.4 26.7 0.927 WTO 5 9 9
51.7 26.7 1.119 WTO 5 9 9
51.9 6.3 1.462 WTO 5 4 2
52.1 43.5 7 .217 WT031-E 8
52.9 31.8 0.526 WTO 2 2 2
53.2 6.3 1.994 WTO 5 4 2
54.3 20.2 12.776 WTO 13 8
54.6 24.2 5.696 WTO 61 5
55 34 6.158 WT031-D 8
55.7 24.2 6.751 WTO 61 5
56.3 22.8 0.868 WTO 20 8
60.4 34 15.267 WT031-D 8
CHAPTER 5 
CONCLUSION
The sites with the highest percentage of mass less than 
0 .01mm particle diameter size were found in the northern part 
of the Valley. The top five sites are shown in Table 13. Also 
notice that sites in soil group eight are dominant.
Table 13. Top Five Percentage of 0.01 mm
Particles in the Soil Sites
Undisturbed Soils
Site
Percent 
0 .01mm Soil
Number Number or less Group
1 WT063 45.9 5
2 WTO 4 8 40.0 2
3 WTO 08 40.0 8
4 WT052 40.0 8
5 WTO 14 38.0 8
Disturbed Soils
Site
Percent 
0 .01mm Soil
Number Number or less Group
1 WT031C 47.5 8
2 WT021 45.8 2
3 WT005 44.4 8
4 WTO3IE 43.5 8
5 WTO3IB 41.0 8
The sites with the highest TSI PM-10 concentrations
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were found eastern part of the Valley for undisturbed soils and 
the northeastern part of the Valley for disturbed soils. The 
top five sites for both undisturbed and disturbed sites with 
wind velocity above 50 mph are shown in Table 14. Notice that 
for undisturbed sites, soil group five is dominant, but for 
disturbed sites soil group eight is dominant. This may be due 
to the ability of this soil group to form hard crust. Once the 
crust is broken, the underlining soil erodes rapidly.
Table 14. Top Five TSI PM-10 Concentration Sites 
Undisturbed Soils
TSI PM-10
Site Concentration Soil
Number Number mg/m3 Group
1 WT034 8.3 2
2 WT062 7.7 5
3 WTO 2 3 9.4 5
4 WTO 2 5 5.6 5
5 WT045 4.8 2
Disturbed Soils
TSI PM-10
Site Concentration Soil
Number Number mg/m3 Group
1 WT031D 15.3 8
2 WTO 13 12.8 8
3 WT031E 7.2 8
4 WTO 61 6.8 5
5 WTO 5 8 5.5 9
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The sites with the lowest TSI PM-10 concentrations 
where found in the southeast and southwest corners of the 
Valley for undisturbed soils and in the center of the Valley 
for disturbed soils. The bottom five sites for both 
undisturbed and disturbed sites with wind velocity above 50 mph 
are shown in Table 15. Again notice that for both undisturbed 
and disturbed sites, soil group two is dominant.
Table 15. Bottom Five TSI PM-10 Concentration Sites 
Undisturbed Soils
Site Conci
Number mg/m:
TSI PM-10 
ncentration Soil
GroupNumber ,3
1
2
3
4
5
WTO 15 
WTO 03 
WTO 4 2 
WTO 3 9 
WTO 30
1.4
1 . 8
1.8
1.9
2.0
2
6
2
2
6
Disturbed Soils
Number
TSI PM-10 
Site Concentration
Number mg/m3
Soil
Group
1
2
3
4
5
WT022 
WTO 20 
WT059 
WTO 5 4 
WTO 18
0.5
0.9
1.1
2.0
5.0
2
8
9
2
2
As was found in Chapter Four there was no relationship 
between the areas of high mass percentage of particle sizes 
less than 0.01mm and the areas were high PM-10 emissions were
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found in the Valley. Hence, it is not possible to estimate 
the amount of PM-10 erosion from the percentage of soil 
particles less than 0 .01mm from a particular site.
Appendix A 
Soil Sample Analysis
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Table A.4. Average Percent Clay of the Soil Passing the #10
Sieve by Soil Groups, 1995 Collected Samples.
Undisturbed Sites Disturbed Sites
Soil Number Average Number Average
Group of Percent Std of Percent Std
Number Samples Clay Dev Samples Clay Dev
1 0 _____ _ _ _ 0 _____ _ _ _
2 18 15.2 5.4 10 13.3 5.4
3 2 9.5 0.7 1 6.0 ---
4 — ---- --- — ---- ---
5 9 11.8 6.4 2 11.5 4 .9
6 8 7.3 2.3 — ---- ---
7 4 11.5 1.7 — ---- ---
8 8 15.5 5.2 14 16.4 5.5
9
Total:
3
52
16.7 4.5 5
32
9.0 5.7
Table A.5. Summary of Soil Classification by Soil Groups; 1995 
Collected Soil Samples.
Soil Group Total
1 2 3 4 5 6 7 8 9
Soil Descriotion
Sand 0 0 0 0 0 0 0 0 0 0
Loamy Sand 0 2 1 0 0 2 0 0 0 5
Sandy Loam 0 9 2 0 7 5 4 6 4 37
Sandy Clay Loam 0 3 0 0 0 0 0 0 0 3
Loam 0 13 0 0 4 1 0 11 3 32
Silt Loam 0 1 0 0 0 0 0 5 1 7
Silt 0 0 0 0 0 0 0 0 0 0
Silty Clay Loam 0 0 0 0 0 0 0 0 0 0
Clay Loam 0 0 0 0 0 0 0 0 0 0
Sandy Clay 0 0 0 0 0 0 0 0 0 0
Silty Clay 0 0 0 0 0 0 0 0 0 0
Clay 0 0 0 0 0 0 0 0 0 0
Totals: 0 28 3 0 11 8 4 22 8 84
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Table A.6 . Summary of Percent PM-10 and PM-2.5 for the Samples 
Collected in 1994 and 1995.
Number Average Std Average Std
of Samples PM-10 % Dev PM-2.5 % Dev 
Undisturbed Soil 106 15.8 10.5 9.0 5.9
Disturbed Soil 57 24.3 12.2 13.0 7.5
Table A. 7. Percent PM-10 and PM-2.5 by Soil Group for the
Total Samples Collected in 1994 and 1995; Undisturbed Soils
Soil Number of Average Std Average Std
Group Samples PM-10 Dev PM-2.5 Dev
1 1 4.0 --- 2.5 ----
2 39 15.3 9.1 8.8 5.8
3 10 7.1 2.6 4.8 2.0
4 1 12.5 ---- 10.0 ----
5 13 16.7 12.0 9.6 6.7
6 12 9.3 8.7 5.6 4.4
7 13 19.2 10.0 9.9 4.9
8 11 24.4 11.9 13.2 6.9
9
Total:
7
107
22.6 7.8 12.9 5.3
Table A.8 . Percent PM- 10 and PM-2.5 by Soil Group for t
Total Samples Collected in 1994 and 1995 ; Disturbed Soil
Soil Group Number of Average Std Average Std
Number Samples PM-10 Dev PM-2.5 Dev
1 0 ---- ---- — — _ _ _ _
2 13 22.0 12.6 13.3 • CO
3 1 5.9 ---- 3.8 ----
4 1 12.5 ---- 10.0 ----
5 2 15.0 13.1 8.2 5.9
6 3 15.5 19.5 9.3 11.0
7 5 13.6 4.1 6.8 2.2
8 21 30.3 11.5 17.7 5.7
9
Total:
11
57
27.3 6.5 9.5 6.8
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Table A.9. Average Percentage of Potential PM-10 and PM-2.5
for the Total Samples Collected in 1994 and 1995 by Quadrangle
and Unit; Undisturbed Soils.
Quadrangle Unit No. Avg
PM-10
Std
Dev
Avg 
PM-2.5
Std
Dev
Blue Diamond NE NE 2 6.0 2.1 3.3 0.4
Blue Diamond NE NW 0 ---- ---- ---- ----
Blue Diamond NE SE 2 4.0 0.7 2.2 0.2
Blue Diamond NE SW 5 10.5 9.3 5.6 4.0
Blue Diamond SE NE 5 14.4 9.2 7.9 5.4
Blue Diamond SE NW 1 4.5 ---- 3.0 ----
Blue Diamond SE SE 5 16.7 7.8 8.5 2.7
Blue Diamond SE SW 0 ---- ---- ---- ----
Henderson NE 0 ---- ---- ---- ----
Henderson NW 0 ---- ---- ---- ----
Henderson SE 0 ---- ---- ---- ----
Henderson SW 4 6.5 3.8 4.2 2.9
Las Vegas NE NE 4 25.7 9.3 14.8 4.7
Las Vegas NE NW 9 28.2 12.6 15.7 7.5
Las Vegas NE SE 6 10.1 4.0 6.3 3.1
Las Vegas NE SW 6 21.1 7.7 9.3 3.1
Las Vegas NW NE 8 23.9 11.5 15.1 7.8
Las Vegas NW NW 4 16.4 11.7 8.4 5.5
Las Vegas NW SE 1 11.0 ---- 6.5 ----
Las Vegas NW SW 7 9.8 5.1 6.1 2.8
Las Vegas SE NE 6 14.0 8.4 9.0 5.0
Las Vegas SE NW 6 25.6 11.8 13.2 7.6
Las Vegas SE SE 4 6.1 3.8 4.9 1.7
Las Vegas SE SW 2 5.0 1.4 3.0 0.7
Las Vegas SW NE 3 14.6 1.5 9.5 1.0
Las Vegas SW NW 7 13.2 5.1 7.4 3.0
Las Vegas SW SE 3 19.5 3.4 11.6 1.6
Las Vegas SW SW 
Total:
6 12.4
106
8.5 7.8 4.6
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Table A.10. Average Percentage of Potential PM-10 and PM-2.5
for the Total Samples Collected in 1994 and 1995 by Quadrangle
and Unit; Disturbed Soils.
Quadrangle Unit No. Avg Std Avg Std
Blue Diamond NE NE 0
PM-10 Dev PM-2.5 Dev
Blue Diamond NE NW 0 ---- ---- ---- ----
Blue Diamond NE SE 0 ---- ---- ---- ----
Blue Diamond NE SW 1 5.7 ---- 4.0 ----
Blue Diamond SE NE 0 ---- ---- ---- ----
Blue Diamond SE NW 0 ---- ---- ---- ----
Blue Diamond SE SE 0 ---- ---- ---- ----
Blue Diamond SE SW 0 ---- ---- ---- ----
Henderson NE 0 ---- ---- ---- ----
Henderson NW 0 ---- ---- ---- ----
Henderson SE 1 5.9 ---- 3.8 ----
Henderson SW 0 ---- ---- ---- ----
Las Vegas NE NE 2 12.1 11.5 8.4 9.1
Las Vegas NE NW 6 33.4 14.0 20.4 7.4
Las Vegas NE SE 11 31.3 11.2 17.9 6.3
Las Vegas NE SW 6 23.0 10.9 9.5 3.9
Las Vegas NW NE 5 25.4 7.4 13.1 4.0
Las Vegas NW NW 3 35.9 8.6 22.3 1.1
Las Vegas NW SE 8 30.0 5.7 11.7 10.0
Las Vegas NW SW 1 17.0 ---- 11.2 ----
Las Vegas SE NE 1 12.7 ---- 7.7 ----
Las Vegas SE NW 2 18.5 14.8 11.4 10.5
Las Vegas SE SE 1 4.5 ---- 4.0 ----
Las Vegas SE SW 0 ---- ---- ---- ----
Las Vegas SW NE 2 14.9 4.0 8.0 2.8
Las Vegas SW NW 7 13.0 4.8 7.7 1.6
Las Vegas SW SE 0 ---- ---- ---- ----
Las Vegas SW SW 0 ---- ---- ---- ----
Total: 57
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Table A.11. Average Percent Clay of the Soil Passing the
Sieve by Soil Groups
Undisturbed Sites Disturbed Sites
Number Average Number Average
Soil of Percent Std of Percent Std
Group Samples Clay Dev Samples Clay Dev
1 1 11.0 --- 0 ---- ---
2 39 11.8 5.3 13 14.5 7.3
3 10 7.3 1.7 1 6.0 ---
4 — ---- --- 1 9.0 ---
5 13 11.4 5.6 2 11.5 4.9
6 13 7.3 3.6 3 9.7 8.1
7 12 10.8 4.0 5 8.6 2.6
8 11 14.0 5.3 21 16.1 5.9
9 7 12.6 4.7 11 10.1 6.8
Total : 106 57
Table A.12. Summary of Soil Classification by Soil Groups for 
the 1994 and 1995 Collected Soil Samples.
Soil Group Total
1 2 3 4 5 6 7 8 9
Soil Description
Sand 0 0 0 0 0 0 0 0 0 0
Loamy Sand 0 5 4 0 0 4 1 2 0 16
Sandy Loam 0 24 7 1 8 7 13 10 8 78
Sandy Clay Loam 0 3 0 0 0 0 0 0 0 3
Loam 1 16 0 0 6 1 3 13 4 44
Silt Loam 0 4 0 0 1 1 1 7 5 19
Silt 0 0 0 0 0 0 0 0 0 0
Silty Clay Loam 0 0 0 0 0 0 0 1 1 2
Clay Loam 0 1 0 0 0 0 0 0 0 1
Sandy Clay 0 0 0 0 0 0 0 0 0 0
Silty Clay 0 0 0 0 0 0 0 0 0 0
Clay 0 0 0 0 0 0 0 0 0 0
Totals: 1 53 11 1 15 13 18 33 18 163
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Appendix B
Computer Code for Determining the Velocity Curve 
Inside a 6" x 6" Cross Section
WRITTEN BY: JOE ALVIN HAUN DATE: SEPT 11, 1995
THIS PROGRAM CALLS UP A PITOT TUBE PRESSURE READINGS 
DATA FILE, CONVERTS THE PRESSURE READINGS TO 
VELOCITIES, AND THEN COMPUTES AN EQUATION TO FIT THE 
VELOCITY PROFILE.
THE PROGRAM COMPUTES THE VELOCITY FROM THE PRESSURE 
READINGS IN THE DATA FILES IN FEET PER MINUTE.
DECLARE SUB elimination (nl, a() AS DOUBLE, b() AS DOUBLE,
solution() AS DOUBLE, flag$)
DEFDBL A-C, X-Z 
DEFDBL S
DIM z (200), y (200), pressure(200), COEFFICIENT(100) 
DIM b(100), c(50, 50), velocity(200)
CLS
BEEP
INPUT "1. What is the maximum order of x to fit: ",
max.x .order 
BEEP
INPUT "2. What is the maximum order of y to fit: ",
max.y .order 
BEEP
INPUT "3. What is the data file name? ", in.file$ 
BEEP
INPUT "4. What is the coefficient output file name? 
out.file$
OPEN out.file$ FOR OUTPUT AS #2 
OPEN in.file? FOR INPUT AS #1 
FOR i = 1 TO 91
INPUT #1, z(i), y(i), pressure(i) 
PRINT i, z(i), y(i), pressure(i) 
NEXT i
FOR i = 92 TO 104 
z(i) = 8 
y(i) = i - 91
pressure(i) = pressure(i - 26)
133
NEXT i
FOR i = 105 TO 117 
z(i) = 9 
y(i) = i - 104
pressure(i) = pressure(i - 52)
NEXT i
FOR i = 118 TO 130 
z(i) = 10 
y (i ) = i - 117
pressure(i) = pressure(i - 78)
NEXT i
FOR i = 131 TO 143
z ( i )  = 11
y (i ) = i - 130
pressure(i) = pressure(i - 104)
NEXT i
FOR i = 144 TO 156 
z (i) = 12 
y (i) = i - 143
pressure(i) = pressure(i - 130)
NEXT i
FOR i = 157 TO 169 
z (i) = 13 
y(i) = i - 156
pressure(i) = pressure(i - 156)
NEXT i
FOR i = 1 TO 169
s.g = (1.936 * 32.174 / .0723) - 1
velocity(i) = (2 * 32.174 * pressure(i) * (1 / 12) * 
(s.g)) A.5
NEXT i
nitems = 169 - 1
z.max = z(l): z.min = z(l)
y .max = y (1): y .min = y (1)
FOR r = 1 TO nitems
IF z.max < z(r) THEN z.max = z(r)
IF z.min > z(r) THEN z.min = z(r)
IF y.max < y(r) THEN y.max = y(r)
IF y.min > y(r) THEN y.min = y(r)
NEXT r
z.range = z.max - z.min 
y.range = y.max - y.min 
FOR r = 1 TO nitems 
' z(r) = z(r) / z.range
' y(r) = y(r) / y.range
NEXT r
' Create the coefficient matrix to solve:
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C(MN,MN) A(MN) = B(MN)
t
k = 0
FOR p = 0 TO max.x.order 
FOR q = 0 TO max.y.order 
1 =  0
FOR i = 0 TO max.x.order 
FOR j = 0 TO max.y.order 
sum = 0
FOR r = 1 TO nitems
sum = sum + z(r) A ( i + p )  * y(r)
( j  + q)
NEXT r
c(k, 1) = sum 
1 =  1 + 1  
NEXT j 
NEXT i 
sum = 0
FOR r = 1 TO nitems
sum = sum + velocity(r) * z(r) p * 
y ( r )  A q  
NEXT r
b(k) = sum 
k = k + 1
NEXT q 
NEXT p 
' INPUT a$
' Print out the coefficients.
CLS
nn = (max.x.order + 1 )  * (max.y.order + 1) - 1 
FOR p = 0 TO nn 
FOR q = 0 TO nn
PRINT " c ("; p; ","? q; ") = c(p, q)
NEXT q
PRINT " b ("; p ; ") = "; b (p )
NEXT p 
' INPUT a$
number.of.equations = (max.x.order + 1 )  *
(max.y .order + 1)
CALL elimination(number.of.equations, c(), b(), 
COEFFICIENT(), flag$)
' Print out the final equation coefficients.
CLS
FOR i = 0 TO (number.of.equations - 1)
PRINT #2, " coefficient( i; ") =
COEFFICIENT(i )
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NEXT i
PRINT "flag$ = ", flag$
COMPUTE THE FLOW THROUGH THE CROSS SECTION.
cfO = COEFFICIENT(0)
cfl = COEFFICIENT^1)
cf 2 = COEFFICIENT(2)
cf3 = COEFFICIENT(3)
cf4 = COEFFICIENT(4)
cf5 = COEFFICIENT!5)
cf6 = COEFFICIENT(6)
cf6 = COEFFICIENT!6)
cf7 = COEFFICIENT(7)
cf8 = COEFFICIENT!8)
cf9 = COEFFICIENT(9)
cfll = COEFFICIENT 11
cf 12 = COEFFICIENT 12
cf 13 = COEFFICIENT 13
cf 14 = COEFFICIENT 14
cf 16 = COEFFICIENT 16
cf 17 = COEFFICIENT 17
cf 18 = COEFFICIENT 18
cf 19 = COEFFICIENT 19
cf 21 = COEFFICIENT 21
cf 22 = COEFFICIENT 22
cf 23 = COEFFICIENT 23
cf 24 = COEFFICIENT 24
fl = .5 A 2 * cf0 + .5 A 3 * cfl / 2 + .5 A 4 *
cf2 / 3 + .5 A 5 * cf3 / 4
f2 = .5 A 6 * cf4 / 5 + .5 A 3 * cf5 / 2 + .5 A 4
* cf6 / 4
f3 = .5 A 5 * cf7 / 6 + .5 A 6 * cf8 / 8 + .5 A 7
* cf9 / 10
f4 = .5 A 4 * cf10 / 3 + .5 A 5 * cfll / 6 + .5 A
6 * cf12 / 9
f5 = .5 A 7 * cf13 / 12 + .5 A 8 * cfl4 / 15 + .5 
A 5 * cf15 / 4
f6 = .5 A 6 * cf16 / 8 + .5 A 7 * cfl7 / 12 + .5 A 
8 * cf18 / 16
f7 = .5 A 9 * cf19 / 20 + .5 A 6 * cf20 / 5 + .5 A
7 * cf21 / 10
f8 = .5 A 8 * cf22 / 15 + .5 A 9 * cf23 / 20 + .5 
A10 * cf24 /25
flow = fl + f2 + f3 + f4 + f5 + f6 + f7 + f8
PRINT #2, " "
PRINT #2, "The flow is "; flow; "ftA3/s or ";
(flow * 60); "ftA3/min."
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PRINT #2, ""
' Check for standard error, 
sum = 0
FOR r = 1 TO nitems 
sum.velocity = 0 
k = 0
FOR i = 0 TO max.x.order 
FOR j = 0 TO max.y.order
sum.velocity = sum.velocity +
COEFFICIENT(k) * z(r)Ai * y(r)Aj 
k = k + 1 
NEXT j 
NEXT i
velocity.computed = sum.velocity 
PRINT #2, r, z(r), y(r), velocity(r), 
velocity.computed
sum = sum + (velocity.computed - velocity(r))
A 2 
NEXT r
standard.error = SQR(sum / (nitems - 2))
PRINT #2, " "
PRINT #2, "standard error = standard.error 
BEEP
END
CLOSE
END
DEFSNG A-C, S, X-Z
SUB elimination (number.of.equations, a() AS DOUBLE, b() AS 
DOUBLE, solution() AS DOUBLE, flag$)
' PURPOSE: Use Gaussian-elimination to solve the set of
' equations given by a() and b(). The solutions are
' given as the vector solution().
n = number.of.equations - 1
FOR i = 0 TO (n - 1)
IF ABS(a(i, i)) < IE-10 THEN 
/
' Find a row that has a non-zero a(i,i).
/
i.row = i + 1
DO WHILE (ABS(a(i.row, i)) < IE-10 AND i.row < n) 
i.row = i.row + 1 
LOOP
IF ABS(a (i .row, i)) < IE-10 THEN 
flag$ = "No solution possible."
EXIT SUB 
END IF
' Switch rows.
t
FOR j = 0 TO n
a.temp = a(i, j) 
a(i, j) = a(i.row, j) 
a(i.row, j )  = a.temp 
NEXT j
b .temp = b (i ) 
b(i) = b(i.row) 
b(i.row) = b.temp 
END IF
' Step 3: Divide row i by a (i ,i ) to get new
' coefficients a(i,j) where a(i,i)=l.
a.original = a(i, i)
FOR j = i TO n
a(i, j) =a(i, j) / a.original 
NEXT j
b(i) = b(i) / a.original 
/
' Step 4: Multiply row i by -a(k,i) and add to the
' k-th row for k=i to n.
/
FOR k = (i + 1) TO n
a.original = a(k, i)
FOR j = 0 TO n
a ( k ,  j )  = -a.original * a(i, j) + a(k, j)
NEXT j
b(k) = -a.original * b(i) + b(k)
NEXT k
NEXT i 
/
' Step 5: Solve for each solution from the n-th row by
' back-substitution.
/
solution(n) = b(n) / a(n, n)
FOR j = (n - 1) TO 0 STEP -1 
sum = 0
FOR r = (j + 1) TO n
sum = sum + a(j, r) * solution(r)
NEXT r
solution(j) = b(j) - sum 
NEXT j
flag$ = "Good solution."
END SUB
Table B.l. Results of Center Point vs Flow for a Smooth 
Surface with the Damper Open to Mark 1.
coefficient( 0 ) = 136.1191121055966
coefficient( 1 ) = -161.3697245334673
coefficient( 2 ) = 44.61836556848231
coefficient( 3 ) = -4.725767326839245
coefficient( 4 ) = .1688057695378817
coefficient( 5 ) = -156.8828777819069
coefficient( 6 ) = 189.1433071567618
coefficient( 7 ) = -51.83145062992503
coefficient( 8 ) = 5.473452045980444
coefficient( 9 ) = -.1955625876737225
coefficient ( 10 ) = 42.9848061439498
coefficient( 11 ) = -51.70520350474531
coefficient( 12 ) = 14.24048867774308
coefficient( 13 ) = -1.504379984939845
coefficient( 14 ) = .0536769511606669
coefficient( 15 ) = -4.492297207551401
coefficient( 16 ) = 5.40807417678156
coefficient( 17 ) = -1.492077592460692
coefficient( 18 ) = .157703232430532
coefficient( 19 ) = -5.627438676540888D-03
coefficient( 20 ) = .1582689506028279
coefficient( 21 ) = -.1909536609648617
coefficient( 22 ) = 5.268719449764612D-02
coefficient( 23 ) = -5.572009735224547D-03
coefficient( 24 ) = 1.990027421902463D-04
The flow is 17.49205 ftA3/s or 1049.523 ftA3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 1 0 4.177453
2 1 2 0 -1.682581
3 1 3 0 -2.546772
4 1 4 0 -.753002
5 1 5 0 1.876646
6 1 6 0 4.035892
7 1 7 0 4.934255
8 1 8 0 4.297057
9 1 9 0 2.365417
10 1 10 0 -.1037418
11 1 11 0 -1.837697
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
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12 0
13 0
1 0
2 25
3 26
4 26
5 28
6 28
7 29
8 28
9 28
10 28
11 29
12 28
13 0
1 0
2 27
3 28
4 29
5 30
6 31
7 32
8 32
9 32
10 32
11 31
12 29
13 0
1 0
2 27
3 29
4 30
5 31
6 32
7 33
8 33
9 33
10 33
11 32
12 29
13 0
1 0
2 25
3 27
4 29
5 30
6 32
-1.047924 
4.569899 
-.6576459 
19.01007 
26.36611 
26.70019 
24.11529 
21.52769 
20.6669 
22.07574 
25.11026 
27.93981 
27.54701 
19.72774 
-.9088522 
-1.713192 
26.03447 
36.33341 
36.71792 
33.02761 
29.40742 
28.30764 
30.48387 
34.99708 
39.21355 
38.80489 
27.74806 
-1.674646 
-.656766 
25.29647 
35.50354 
36.72218 
34. 17829 
31.56601 
31.04768 
33.25384 
37.28323 
40.70281 
39.54774 
28.3214 
-0.0046555 
1.195159 
21.39919 
30.23134 
32.49777 
31.89737 
31.02172
14323
0447
74401
0082
97987
05938
74003
65964
8202
68776
49818
17195
97987
68776
83148
78943
15028
15028
15028
07844
78943
21774
0869
05938
37916
49778
57802
34796
8288
89693
89693
22197
05938
32609
17195
53192
60616
00643
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105 vo
co
co
co
oo
aD
co
co
cD
co
co
cD
CO
co
-j^
j-
»0
'-
j-
-j
-j
-j
-j
'-
j-
j'
-j
-j
'-
JC^
o>
ic
r\
cr
ic
nc
ri
cr
>c
r»
c^
cn
aN
cr
ic
r»
Ln
ai
Ln
ai
(j
iL
na
i
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7 32
8 33
9 34
10 34
11 32
12 29
13 0
1 0
2 23
3 25
4 28
5 29
6 31
7 32
8 33
9 34
10 34
11 33
12 30
13 0
1 0
2 23
3 25
4 27
5 28
6 30
7 32
8 33
9 34
10 34
11 32
12 29
13 0
1 0
2 23
3 25
4 28
5 29
6 31
7 32
8 33
9 34
10 34
11 33
12 30
13 0
1 0
31.35518
33.27477
36.05029
37.84423
35.71181
25.60098
2.352407
2.877218
17.64297
25.07806
28.19239
29.28022
29.92017
30.9752
32.59263
34.20412
34.52568
31.5577
22.58488
4.176286
3.775153
16.02542
22.81139
26.31656
28.18759
29.53432
30.92977
32.41015
33.47482
33.08635
29.67045
21.11604
4.775191
3.625813
17.24136
24.40544
27.74366
29.24552
30.26446
31.51781
33.08685
34.41676
34.31663
30.95948
21.88225
3.985786
2.517155
78979
96493
16811
10052
64877
60994
33467
59793
25425
2966
05517
50712
96493
16811
16811
07006
15046
13608
0513
25673
8202
68145
50712
96493
16811
16811
86008
99701
33467
59793
25425
2966
05517
50712
96493
16811
16811
07006
15046
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
141
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
12 9
32609 20.68286
17195 29.04074
53192 31.70992
60616 31.84545
00643 31.63825
78979 32.3152
96493 34.13907
16811 36.40855
10052 37.45823
64877 34.65862
60994 24.41617
2.173199
.8882439
0869 24.43923
05938 34.10424
37916 35.81444
49778 34.14412
57802 32.3107
34796 32.17474
8288 34.23992
89693 37.65306
89693 40.2041
22197 38.32611
05938 27.09531
.2310141
-.4707491
17195 25.29704
97987 35.18933
68776 36.01914
83148 33.06363
78943 30.06414
15028 29.22615
15028 31.21931
15028 35.17743
07844 38.69847
78943 37.84458
21774 27.14203
-.4187217
-.4185445
14323 18.74007
0447 26.09581
74401 26.64882
0082 24.29144
97987 21.80827
05938 20.87609
74003 22.06393
65964 24.83303
25
27
29
30
32
32
33
34
34
32
29
0
0
27
29
30
31
32
33
33
33
33
32
29
0
0
27
28
29
30
31
32
32
32
32
31
29
0
0
25
26
26
28
28
29
28
28
153 12 10 28
154 12 11 29
155 12 12 28
156 12 13 0
157 13 1 0
158 13 2 0
159 13 3 0
160 13 4 0
161 13 5 0
162 13 6 0
163 13 7 0
164 13 8 0
165 13 9 0
166 13 10 0
167 13 11 0
168 13 12 0
27.53685 
27.42106 
20.62357 
2.174497 
2.537244 
-1.050633 
-1.170087 
.3911079 
2.280331 
1580118 
,808156 
,917288 
,29551 
-.234026 
-.4130155 
2.452001
3.
3,
2.
1,
Standard error = 3.690877874661488
Table B.2. Results of Center Point vs Flow for a Smooth 
Surface with the Damper Open to Mark 2.
coefficient( 0 ) = 122.1727807067689
coefficient( 1 ) = -144.9417642700471
coefficient( 2 ) = 39.96046233002045
coefficient( 3 ) = -4.226777544532653
coefficient( 4 ) = . 1509378389693891
coefficient( 5 ) = -140.8448224751451
coefficient( 6 ) = 169.9571665747261
coefficient( 7 ) = -46.39982632617436
coefficient( 8 ) = 4.891177848633841
coefficient( 9 ) = - .1746852784012614
coefficient( 10 ) = 38.53726460835679
coefficient( 11 j = -46.38861659269669
coefficient( 12 ) = 12.72737539480203
coefficient( 13 ) = -1.342282545252347
coefficient( 14 ) = 4.788012684243508D-02
coefficient( 15 ) = -4.025316180293802
coefficient( 16 ) = 4.849143508968497
coefficient( 17 ) sr -1.332671958636099
coefficient( 18 ) = .1406225366777107
coefficient( 19 ) = -5.016826311902564D-03
coefficient( 20 ) = .1418066973589549
coefficient( 21 ) = -.1712093426926121
coefficient( 22 ) = 4.70537411698515 ID-02
coefficient( 23 ) = -4.967949484543085D-03
coefficient( 24 ) = 1.773905581763978D-04
The flow is 15.69297 ftA3/s or 941.5781 ft"3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 3.765892
2 2 0 -1.428403
3 3 0 -2.159982
4 4 0 -.5246137
5 5 0 1.844968
6 6 0 3.779068
7 7 0 4.57103
8 8 0 3.977236
9 9 0 2.217104
10 10 0 -0.026907
144
11 1 11 0 -1.609303
12 1 12 0 -.9215497
13 1 13 0 4.107924
14 2 1 0 -.479999
15 2 2 23.43334 17.43775
16 2 3 24.49246 24.25195
17 2 4 25.0513 24.70174
18 2 5 26.13314 22.46524
19 2 6 27.00159 20.15958
20 2 7 27.84296 19.34086
21 2 8 26.74401 20.50421
22 2 9 26.30912 23.08371
23 2 10 26.83015 25.45248
24 2 11 26.74401 24.9226
25 2 12 25.59793 17.74516
26 2 13 0 -.8897708
27 3 1 0 -1.398488
28 3 2 25.14323 23.87742
29 3 3 26.6576 33.38976
30 3 4 27.5095 33.90527
31 3 5 28.49818 30.67195
32 3 6 29.21774 27.41898
33 3 7 30.07383 26.35677
34 3 8 29.2966 28.17695
35 3 9 29.60994 32.05238
36 3 10 29.2966 35.63712
37 3 11 28.4171 35.06647
38 3 12 26.30912 24.95693
39 3 13 0 -1.59377
40 4 1 0 -.4573771
41 4 2 24.95903 23.25443
42 4 3 26.39668 32.67829
43 4 4 28.0082 33.90778
44 4 5 28.8202 31.65925
45 4 6 29.84279 29.27175
46 4 7 30.53068 28.70706
47 4 8 30.83148 30.54972
48 4 9 31.27726 34.00697
49 4 10 30.53068 36.90881
50 4 11 28.8202 35.70796
51 4 12 26.0447 25.47987
52 4 13 0 -0.077268
53 5 1 0 1.184186
54 5 2 23.43334 19.74935
55 5 3 25.32609 27.90791
56 5 4 26.916 30.02608
57 5 5 28.17247 29.4688
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58 5 6 29.21774 28.59972
59 5 7 30.07383 28.78124
60 5 8 30.98079 30.3745
61 5 9 31.35094 32.73935
62 5 10 30.90622 34.23438
63 5 11 29.21774 32.2169
64 5 12 26.6576 23.04297
65 5 13 0 2.067359
66 6 1 0 2.675706
67 6 2 21.69506 16.35949
68 6 3 23.82393 23.23451
69 6 4 26.0447 26.07199
70 6 5 27.25673 26.98972
71 6 6 28.65964 27.45207
72 6 7 29.68776 28.26999
73 6 8 30.75656 29.60106
74 6 9 31.27726 30.94938
75 6 10 30.98079 31.1657
76 6 11 29.53192 28.44731
77 6 12 27.25673 20.3381
78 6 13 0 3.728558
79 7 1 0 3.47534
80 7 2 21.69506 14.89889
81 7 3 23.43334 21.17948
82 7 4 25.41703 24.35236
83 7 5 26.74401 25.95866
84 7 6 28.49818 27.04533
85 7 7 29.60994 28.16519
86 7 8 30.75656 29.37688
87 7 9 31.2034 30.24493
88 7 10 30.98079 29.83969
89 7 11 29.37525 26.73737
90 7 12 27.17195 19.02004
91 7 13 0 4.275598
92 8 1 0 3.349898
93 8 2 21.69506 15.99835
94 8 3 23.82393 22.6297
95 8 4 26.0447 25.66905
96 8 5 27.25673 26.95975
97 8 6 28.65964 27.76341
98 8 7 29.68776 28.75987
99 8 8 30.75656 30.04723
100 8 9 31.27726 31.14185
101 8 10 30.98079 30.97832
102 8 11 29.53192 27.90949
103 8 12 27.25673 19.70646
104 8 13 0 3.558565
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
12
148
149
150
151
146
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
4
12 5
12 6
12 7
12 8
2.374843
43334 19.10542
32609 26.83761
916 29.31894
17247 29.42462
21774 29.15754
07383 29.64828
98079 31.15511
35094 33.064
90622 33.88859
21774 31.27022
6576 21.97791
1.908371
.9342912
95903 22.48436
39668 31.42113
0082 33.09394
8202 31.63238
84279 29.94632
53068 29.72584
83148 31.44128
27726 34.34324
53068 36.46255
8202 34.61031
0447 24.37785
.1367461
-.2789882
14323 23.21621
6576 32.36369
5095 33.28094
49818 30.70965
21774 28.0157
07383 27.18915
2966 28.84424
60994 32.21942
2966 35.1773
4171 34.20471
30912 24.41262
-.4637569
-.2635736
43334 17.19874
49246 24.01425
24. 66189
13314 22.63053
00159 20.41899
84296 19.536
74401 20.50026
0
23
25
26
28
29
30
30
31
30
29
26
0
0
24
26
28
28
29
30
30
31
30
28
26
0
0
25
26
27
28
29
30
29
29
29
28
26
0
0
23
24
26
27
27
26
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
tan
147
12 9 26.30912 22.84039
12 10 26.83015 25.09498
12 11 26.74401 24.81253
12 12 25.59793 18.55148
12 13 0 1.880235
13 1 0 2.29061
13 2 0 -.8535601
13 3 0 -.9127339
13 4 0 .5137402
13 5 0 2.216634
13 6 0 3.376838
13 7 0 3.565363
13 8 0 2.743339
13 9 0 1.262017
13 10 0 -.1372351
13 11 0 -.322928
13 12 0 2.226547
error - 3.431876717066511
Table B.3. Results of Center Point vs Flow for a Smooth 
Surface with the Damper Open to Mark 3.
coefficient( 0 ) = 108.2695080212184
coefficient( 1 ) = -128.1139406885505
coefficient( 2 ) = 35.43102099597913
coefficient( 3 ) = -3.747260298457979
coefficient( 4 ) = .1336063323223554
coefficient( 5 ) = -125.4252341187898
coefficient( 6 ) = 150.9511440256209
coefficient( 7 ) = -41.36407092982955
coefficient( 8 ) = 4.358660346993517
coefficient( 9 ) = -.1553321458393748
coefficient( 10 ) = 34.51249647331237
coefficient( 11 ) = -41.4589196261806
coefficient( 12 ) = 11.41967702489559
coefficient( 13 ) = -1.203869012356784
coefficient( 14 ) = 4.284477063342426D-02
coefficient( 15 ) = -3.612557728756398
coefficient( 16 ) = 4.343769047372053
coefficient( 17 ) = -1.198595088513984
coefficient( 18 ) = .1264183446534831
coefficient( 19 ) = -4.499406170310597D-03
coefficient( 20 ) = .1272871768962385
coefficient( 21 ) = -.1533823672018458
coefficient( 22 ) = 4 . 232542318851908D-02
coefficient( 23 ) = -4.466584647539206D-03
coefficient( 24 ) = 1.591017981534821D-04
The flow is 13.89278 ft^/s or 833.5667 ft"3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 3.316789
2 2 0 -1.165409
3 3 0 -1.794166
4 4 0 -.3858657
5 5 0 1. 645795
6 6 0 3.289807
7 7 0 3.937851
8 8 0 3.384291
9 9 0 1.826184
10 10 0 -.1367301
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11 1 11 0 -1.502021
12 1 12 0 -.8645711
13 1 13 0 3.583424
14 2 1 0 -.6207674
15 2 2 20.37896 15.11237
16 2 3 21.37363 20.96274
17 2 4 21.58845 21.14942
18 2 5 22.63196 18.95242
19 2 6 23.43334 16.71265
20 2 7 21.48131 15.83194
21 2 8 22.01179 16.77305
22 2 9 22.11636 19.05964
23 2 10 22.22044 21.2763
24 2 11 22.42715 21.06851
25 2 12 21.69506 15.14269
26 2 13 0 -.7338343
27 3 1 0 -1.483305
28 3 2 20.93739 20.51733
29 3 3 22.63196 28.65799
30 3 4 23.43334 28.88802
31 3 5 24.30333 25.82761
32 3 6 24.68015 22.7677
33 3 7 24.39808 21.67002
34 3 8 24.39808 23.1671
35 3 9 24.58648 26.56225
36 3 10 24.20821 29.82956
37 3 11 23.92057 29.61391
38 3 12 22.42715 21.23098
39 3 13 0 -1.33278
40 4 1 0 -.628248
41 4 2 20.60415 19.76745
42 4 3 22.22044 27.79451
43 4 4 23.5316 28.72348
44 4 5 24.20821 26.63842
45 4 6 24.95903 24.43687
46 4 7 25.41703 23.82986
47 4 8 25.77757 25.34193
48 4 9 25.86692 28.31109
49 4 10 25.41703 30.88884
50 4 11 24.30333 30.0402
51 4 12 22.42715 21.54364
52 4 13 0 -0.008843
53 5 1 0 .8731259
54 5 2 19.33318 16.53997
55 5 3 21.15664 23.44383
56 5 4 22.83495 25.24931
57 5 5 23.5316 24 .78291
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58 5 6 24.58648 24.03298
59 5 7 25.32609 24. 14976
60 5 8 25.95597 25.44532
61 5 9 26.22128 27.39362
62 5 10 25.77757 28.63048
63 5 11 24.49246 26.95358
64 5 12 22.63196 19.32247
65 5 13 0 1.858557
66 6 1 0 2.235685
67 6 2 17.97255 13.47144
68 6 3 20.15125 19.24606
69 6 4 21.69506 21.75902
70 6 5 22.93576 22.69018
71 6 6 24.11271 23.1998
72 6 7 25.32609 23.9285
73 6 8 25.86692 24.99733
74 6 9 26.13314 26.00768
75 6 10 25.77757 26.04134
76 6 11 24.58648 23.66051
77 6 12 22.73368 16.90773
78 6 13 0 3.30596
79 7 1 0 2.960442
80 7 2 17.97255 12.15769
81 7 3 19.45215 17.40994
82 7 4 21.48131 20.24613
83 7 5 22.63196 21.82038
84 7 6 24.01683 22.91198
85 7 7 25.14323 23.92541
86 7 8 25.86692 24.89029
87 7 9 26.0447 25.46144
88 7 10 25.68791 24.91884
89 7 11 24.58648 22.16764
90 7 12 22.83495 15.73816
91 7 13 0 3.785917
92 8 1 0 2.834558
93 8 2 17.97255 13.15385
94 8 3 20.15125 18.71278
95 8 4 21.69506 21.40414
96 8 5 22.93576 22.66468
97 8 6 24.11271 23.47515
98 8 7 25.32609 24.36029
99 8 8 25.86692 25.38882
100 8 9 26.13314 26.17347
101 8 10 25.77757 25.87092
102 8 11 24.58648 23.18187
103 8 12 22.73368 16.351
104 8 13 0 3.166961
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
151
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
1.93134
33318 15.97432
15664 22.50052
83495 24.62656
5316 24.74529
58648 24.52582
32609 24.91347
95597 26.12982
22128 27.67267
77757 28.31607
49246 26.11031
63196 18.38191
1.733618
.6102381
60415 19.09281
22044 26.68767
5316 28.00687
20821 26.61546
95903 25.03144
41703 24.72579
77757 26.12245
86692 28.59833
41703 30.48333
30333 29.0603
42715 20.56506
.1864027
-.4831488
93739 19.94231
63196 27.75735
43334 28.33858
30333 25.85947
68015 23.2904
39808 22.39859
39808 23.74816
58648 26.7001
20821 29.41226
92057 28.83938
42715 20.73307
-.3581821
-.4170767
37896 14.91512
37363 20.7613
58845 21.11516
63196 19.09263
43334 16.93198
48131 15.99373
01179 16.76069
0
19
21
22
23
24
25
25
26
25
24
22
0
0
20
22
23
24
24
25
25
25
25
24
22
0
0
20
22
23
24
24
24
24
24
24
23
22
0
0
20
21
21
22
23
21
22
152
152 12 9 22.11636 18.83798
153 12 10 22.22044 20.95297
154 12 11 22.42715 20.95534
155 12 12 21.69506 15.81706
156 12 13 0 1.632358
157 13 1 0 2.026344
158 13 2 0 -.6372104
159 13 3 0 -.6801571
160 13 4 0 .5300918
161 13 5 0 1.961303
162 13 6 0 2.91642
163 13 7 0 3.033568
164 13 8 0 2.286048
165 13 9 0 .9823415
166 13 10 0 -.2338931
167 13 11 0 -.3838177
168 13 12 0 1.846584
Standard error = 2.92774020175362
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Table B.4. Results of Center Point vs Flow for a Smooth 
Surface with the Damper Open to Mark 4.
coefficient( 0 ) = 84.91103523118156
coefficient( 1 ) = -100.5752313465346
coefficient( 2 ) = 27.69726249882694
coefficient( 3 ) = -2.925740574339196
coefficient( 4 ) = .1043543810258025
coefficient( 5 ) = -97.5352623942502
coefficient( 6 ) = 117.4327053938178
coefficient( 7 ) = -32.02570871374016
coefficient( 8 ) = 3.371494553120453
coefficient( 9 ) = -.1202650656639131
coefficient( 10 ) = 26.63986761565453
coefficient( 11 ) = -31.97340109172194
coefficient( 12 ) = 8.768794429034015
coefficient( 13 ) = -.9239616922225976
coefficient( 14 ) = 3.292401699229473D-02
coefficient( 15 ) = -2.780776503759606
coefficient( 16 ) = 3.339188316466585
coefficient( 17 ) = -.9175495217550189
coefficient( 18 ) = 9.674639385258708D-02
coefficient( 19 ) = -3.448118076802989D-03
coefficient( 20 ) = 9.796040336113933D-02
coefficient( 21 ) = -.1178905689256056
coefficient( 22 ) = 3.239502008282746D-02
coefficient( 23 ) = -3.417714365925746D-03
coefficient( 24 ) = 1.219167881608452D-04
The flow is 10.92889 ff'S/s or 655.7334 ft^/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 2.622197
2 2 0 -1.095698
3 3 0 -1.637396
4 4 0 -.4909461
5 5 0 1.184098
6 6 0 2.556673
7 7 0 3. 124204
8 8 0 2.712611
9 9 0 1.476303
10 10 0 -.1018207
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57 Ln
Ln
Ln
ai
Ln
*P
»^
^^
^^
^^
^4
^4
^^
4^
LO
U>
U)
LO
OJ
(j
JU
)(
jJ
UJ
U;
UJ
Cj
JU
)N
)f
ON
Jt
sJ
fO
NJ
tO
NJ
hJ
r<O
NJ
ts
Jh
Oh
-*
h-
‘l
-*
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11 0
12 0
13 0
1 0
2 15
3 16
4 16
5 18
6 18
7 19
8 18
9 18
10 17
11 18
12 17
13 0
1 0
2 17
3 18
4 19
5 20
6 20
7 21
8 20
9 20
10 19
11 19
12 18
13 0
1 0
2 17
3 18
4 19
5 20
6 21
7 21
8 21
9 21
10 20
11 20
12 17
13 0
1 0
2 17
3 18
4 19
5 20
-1.210367 
-.7094535 
2.869294 
-.3455097 
12.00828 
16.74254 
17.09457 
15.57893 
13.98746 
13.38924 
14.13064 
15.83528 
17.40405 
17.01511 
12.12387 
-.5369779 
-.9563901 
16.59178 
23.25228 
23.67463 
21.46798 
19.20111 
18.40245 
19.56005 
22.1216 
24.49441 
24.04544 
17.10129 
-1.051834 
-.2553374 
16.31412 
22.96847 
23.90637 
22.38116 
20.70075 
20.22773 
21.37929 
23.62724 
25.49806 
24.57281 
17.48721 
-0.068400 
.9328125 
14.02746 
19.85031 
21.41963 
21.06519
93097
63935
77744
10047
47892
21347
2275
2275
58321
10047
58321
58321
60336
09301
03643
49186
0473
37896
60415
80479
80479
10047
58321
84977
92095
49186
15664
69506
58845
90672
93739
15125
97255
05026
35364
68795
03643
155
58 5 6 21.0473 20.42827
59 5 7 21.48131 20.46166
60 5 8 21.90672 21.42964
61 5 9 22.11636 22.90801
62 5 10 21.69506 23.78407
63 5 11 20.15125 22.25661
64 5 12 18.10047 15.83596
65 5 13 0 1.343921
66 6 1 0 2.003281
67 6 2 15.93097 11.77679
68 6 3 16.9144 16.73961
69 6 4 18.84977 18.81691
70 6 5 19.33318 19.4836
71 6 6 20.60415 19.76433
72 6 7 21.0473 20.23351
73 6 8 22.01179 21.01526
74 6 9 22.01179 21.78347
75 6 10 21.69506 21.76175
76 6 11 20.26543 19.72349
77 6 12 18.47892 13.99177
78 6 13 0 2.439443
79 7 1 0 2.571347
80 7 2 15.03692 10.79995
81 7 3 16.35968 15.36075
82 7 4 17.97255 17.67343
83 7 5 18.84977 18.81672
84 7 6 20.26543 19.52838
85 7 7 20.8269 20.20522
86 7 8 21.90672 20.90312
87 7 9 21.90672 21.33695
88 7 10 21.69506 20.88067
89 7 11 20.26543 18.56726
90 7 12 18.47892 13.08875
91 7 13 0 2.796201
92 8 1 0 2.472347
93 8 2 15.93097 11.52761
94 8 3 16.9144 16.32069
95 8 4 18.84977 18.53709
96 8 5 19.33318 19.46167
97 8 6 20.60415 19.97861
98 8 7 21.0473 20.57145
99 8 8 22.01179 21.32305
100 8 9 22.01179 21.91559
101 8 10 21.69506 21.63062
102 8 11 20.26543 19.349
103 8 12 18.47892 13.55093
104 8 13 0 2.315951
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
156
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
1.761675
05026 13.58329
35364 19.10896
68795 20.92847
03643 21.03238
0473 20.81203
48131 21.05952
90672 21.96772
11636 23.13029
69506 23.54165
15125 21.59698
10047 15.09224
1.224167
.7147818
58321 15.78334
84977 22.09769
92095 23.34086
49186 22.3596
15664 21.16439
69506 20.92943
58845 21.99267
90672 23.85575
93739 25.18406
15125 23.8067
97255 16.71651
0.070044
-.1728247
58321 16.13696
60336 22.54158
09301 23.24022
03643 21.49085
49186 19.61022
0473 18.9739
37896 20.01624
60415 22.23042
80479 24.16838
80479 23.44087
10047 16.71746
-.2735049
-.1855785
93097 11.84616
63935 16.57791
77744 17.06523
10047 15.69047
47892 14.16283
21347 13.51829
2275 14.11966
0
17
18
19
20
21
21
21
22
21
20
18
0
0
17
18
19
20
21
21
21
21
20
20
17
0
0
17
18
19
20
20
21
20
20
19
19
18
0
0
15
16
16
18
18
19
18
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
157
12 9 18.2275 15.65655
12 10 17.58321 17.1454
12 11 18.10047 16.92944
12 12 17.58321 12.67874
12 13 0 1.390156
13 1 0 1.612144
13 2 0 -.6941689
13 3 0 -.7734598
13 4 0 .2272127
13 5 0 1.439607
13 6 0 2.2743
13 7 0 2.420682
13 8 0 1.846964
13 9 0 .8001719
13 10 0 -.1938512
13 11 0 -.3304451
13 12 0 1.473867
error = 2.331664087255915
Table B.5. Results of Center Point vs Flow for a Smooth 
Surface with the Damper Open to Mark 5.
coefficient( 0 ) = 71.08364842619214
coefficient( 1 ) = -84.47560554581443
coefficient( 2 ) = 23.46750663227671
coefficient( 3 ) = -2.492890883664637
coefficient( 4 ) = 8.918324479890317D-02
coefficient( 5 ) = -82.1730874039788
coefficient( 6 ) = 99.42400133566869
coefficient( 7 ) = -27.41086520910156
coefficient( 8 ) = 2.905205789195446
coefficient( 9 ) = -.1039870501916551
coefficient( 10 ) = 22.48134475678606
coefficient( 11 ) = -27.17049594308022
coefficient( 12 ) = 7.544197636988802
coefficient( 13 ) = -.8010174159774501
coefficient( 14 ) = 2.865530476906949D-02
coefficient( 15 ) = -2.348152643049843
coefficient( 16 ) = 2.841575540496177
coefficient( 17 ) = -.7910049255396968
coefficient( 18 ) = 8.407241630464117D-02
coefficient( 19 ) = -3.008736889927286D-03
coefficient( 20 ) = 8.2723061577 86158D-02
coefficient( 21 ) = -.1003332430209381
coefficient( 22 ) = 2.793395682300575D-02
coefficient( 23 ) = -.0029708626060752
coefficient( 24 ) = 1.064121954449026D-04
The flow is 9.11746 ftA3/s or 547.0476 ft^/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 2.186735
2 2 0 -.769788
3 3 0 -1.194527
4 4 0 -.2761383
5 5 0 1.059504
6 6 0 2.149304
7 7 0 2.592948
8 8 0 2.252901
9 9 0 1.254408
10 10 0 -0.014503
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
159
11 0
12 0
13 0
1 0
2 13
3 14
4 14
5 14
6 14
7 15
8 15
9 15
10 15
11 15
12 15
13 0
1 0
2 14
3 15
4 15
5 15
6 16
7 16
8 16
9 16
10 16
11 16
12 15
13 0
1 0
2 13
3 15
4 16
5 16
6 17
7 17
8 17
9 18
10 17
11 16
12 15
13 0
1 0
2 13
3 15
4 16
5 16
-.9030281 
-.49758 
2.378208 
-.3276834 
10.08584 
13.91741 
14.0058 
12.55288 
11. 12365 
10.6462 
11.41176 
13.07465 
14.65232 
14.52533 
10.43735 
-.5048436 
-.9019868 
13.80786 
19.23391 
19.38368 
17.36475 
15.38479 
14.75155 
15.87287 
18.25665 
20.51088 
20.34363 
14.56306 
-.9226114 
-.387726 
13.47249 
18.94975 
19.6187 
18.24759 
16.79837 
16.42662 
17.48158 
19.50614 
21.23686 
20.60394 
14.73123 
-0.063737 
.5425722 
11.47738 
16.33653 
17.6426 
17.34325
58597
4101
72684
24909
88269
18958
18958
18958
34072
34072
18958
08624
34072
93097
49039
63935
63935
77744
9144
50011
63935
18958
92148
49039
21803
63935
31878
4515
84372
10047
4515
63935
03692
41507
18958
07514
63935
160
58 5 6 17.18505 16.81125
59 5 7 17.58321 16.84449
60 5 8 18.10047 17.66595
61 5 9 18.10047 18.92373
62 5 10 17.71394 19.69104
63 5 11 16.9144 18.46618
64 5 12 15.18958 13.17257
65 5 13 0 1.158732
66 6 1 0 1.395405
67 6 2 12.34007 9.54168
68 6 3 14.08624 13.7427
69 6 4 16.07514 15.5577
70 6 5 16.50011 16.18288
71 6 6 16.77744 16.45147
72 6 7 17.58321 16.83369
73 6 8 18.10047 17.43676
74 6 9 18.10047 18.00489
75 6 10 17.84372 17.9193
76 6 11 17.05026 16.19821
77 6 12 15.18958 11.49682
78 6 13 0 2.107348
79 7 1 0 1.856292
80 7 2 12.15166 8.706014
81 7 3 13.75475 12.59355
82 7 4 15.18958 14.63683
83 7 5 16.07514 15.68697
84 7 6 16.77744 16.32827
85 7 7 17.4515 16.87822
86 7 8 18.10047 17.38749
87 7 9 18.10047 17.63994
88 7 10 17.84372 17.15262
89 7 11 17 .05026 15.17575
90 7 12 15.18958 10.69277
91 7 13 0 2.420257
92 8 1 0 1.78978
93 8 2 12.34007 9.332469
94 8 3 14.08624 13.3912
95 8 4 16.07514 15.32342
96 8 5 16.50011 16.16536
97 8 6 16.77744 16.6321
98 8 7 17.58321 17.11753
99 8 8 18.10047 17.69434
100 8 9 18.10047 18.11407
101 8 10 17.84372 17.80706
102 8 11 17.05026 15.88245
103 8 12 15.18958 11.12823
104 8 13 0 2.011202
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
161
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
1.239435
41507 11.10462
18958 15.71463
07514 17.23141
63935 17.3172
18505 17.1346
58321 17 .34652
10047 18.11623
10047 19.10734
71394 19.48378
9144 17.90983
18958 12.55009
1.069521
.4278514
92148 13.02749
49039 18.21966
21803 19.14534
63935 18.231
31878 17.1886
4515 17.01555
84372 17.99478
10047 19.69466
4515 20.96905
63935 19.9573
03692 14.08424
0.060150
-.2433562
08624 13.42762
34072 18.63892
93097 19.02025
49039 17.38457
63935 15.72814
63935 15.23046
77744 16.25433
9144 18.34581
50011 20.23423
63935 19.8322
18958 14.23561
-.2763795
-.1935477
58597 9.952978
4101 13.78192
72684 13.98177
24909 12.64509
88269 11.26847
18958 10.75252
18958 11.40193
0
13
15
16
16
17
17
18
18
17
16
15
0
0
13
15
16
16
17
17
17
18
17
16
15
0
0
14
15
15
15
16
16
16
16
16
16
15
0
0
13
14
14
14
14
15
15
152 12 9 15
153 12 10 15
154 12 11 15
155 12 12 15
156 12 13 0
157 13 1 0
158 13 2 0
159 13 3 0
160 13 4 0
161 13 5 0
162 13 6 0
163 13 7 0
164 13 8 0
165 13 9 0
166 13 10 0
167 13 11 0
168 13 12 0
12.92543
14.43576
14.44973
10.8882
1.076059
1.336941
-.4269588
-.4650134
.3260856
1.269052
1.906003
1.998463
1.527359
.6930244
-0.084805
-.1669852
1.305029
Standard error = 1.936396462747489
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Table B.6. Results of Center Point vs Flow for a Rough Surface 
with the Damper Open to Mark 1.
coefficient( 0 ) = 121.2237991151356
coefficient( 1 ) = -139.325199534974
coefficient( 2 ) = 37.58861393971726
coefficient( 3 ) = -3.957999254811543
coefficient( 4 ) = .1416929646506141
coefficient( 5 ) = -140.4196301892945
coefficient( 6 ) = 163.4015533012072
coefficient( 7 ) = -43.46279581617408
coefficient( 8 ) = 4.554376596878851
coefficient( 9 ) = -.1630845843394619
coefficient( 10 ) = 38.50765496958035
coefficient( 11 ) = -44.65081217090485
coefficient( 12 ) = 11.91361150855589
coefficient( 13 ) = -1.246480785266448
coefficient( 14 ) = 4.450782866950074D-02
coefficient( 15 ) = -4.027001355311516
coefficient( 16 ) = 4.669426938815102
coefficient( 17 ) = -1.246854567958827
coefficient( 18 ) = .1304214273710843
coefficient( 19 ) = -4.655085807983421D-03
coefficient( 20 ) = .1419407036835057
coefficient( 21 ) = -.1648667746978736
coefficient( 22 ) = 4 .401009242293759D-02
coefficient( 23 ) = -4.60581028258304 3D-03
coefficient( 24 ) = 1. 645453194 332847D-04
The flow is 15.70561 ft^3/s or 942.3368 ft^/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 3.687788
2 2 0 -1.262985
3 3 0 -1.900757
4 4 0 -.2537169
5 5 0 2.096966
6 6 0 4.017135
7 7 0 4.819654
8 8 0 4.264399
9 9 0 2.558263
10 10 0 .3551553
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
164
11 0
12 0
13 0
1 0
2 20
3 25
4 28
5 29
6 30
7 32
8 32
9 32
10 28
11 30
12 29
13 0
1 0
2 17
3 26
4 29
5 31
6 33
7 33
8 34
9 34
10 32
11 33
12 30
13 0
1 0
2 21
3 25
4 29
5 32
6 33
7 34
8 35
9 35
10 33
11 33
12 30
13 0
1 0
2 20
3 24
4 27
5 30
-1.243998 
-.6912547 
4.008341 
-1.797346 
16.26101 
23.97442 
25.68678 
24.75668 
23.55749 
23.47729 
24.91887 
27.2998 
29.05233 
27.62347 
19.47497 
0.083293 
-3.057331 
22.2081 
32.77234 
34.88509 
33.37167 
31.63299 
31.6456 
33.96164 
37.70888 
40.59069 
38.88607 
27.4496 
-.2884929 
-1.965577 
21.58025 
31.86057 
34.51825 
33.89244 
33.01856 
33.62828 
36.14957 
39.70665 
42.12004 
39.90649 
28.27907 
1.147083 
0.003930 
18.27625 
26.98435 
30.17898 
30.94893
26543
59793
0082
60994
45501
00643
71936
78979
8202
07383
76538
84372
13314
76538
93426
13975
96493
63757
83683
57802
07006
60616
26541
86692
68776
00643
55488
3029
03496
49295
96493
62357
22688
37896
30333
9257
22688
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104 00
C0
C0
<»
OT
C0
C0
a>
C0
C0
C0
CD
C0
'O
-^
**
J-
*J
^-
^*
**
4'
J'
-4
^-
J^
^J
O>
^^
^^
0^
O\
Cy
>C
n<
T>
Cr
><
T>
C>
U1
Ln
Ln
Ul
Ul
Ul
Ul
Ul
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6 32
7 33
8 34
9 35
10 35
11 34
12 31
13 0
1 0
2 18
3 22
4 26
5 28
6 31
7 33
8 34
9 35
10 35
11 34
12 31
13 0
1 0
2 18
3 22
4 26
5 28
6 31
7 33
8 34
9 35
10 35
11 34
12 31
13 0
1 0
2 18
3 22
4 26
5 28
6 31
7 33
8 34
9 35
10 35
11 34
12 31
13 0
31.42113
32.76061
35.17047
37.89195
39.20436
36.42513
25.90977
3.051924
1.776633
15.09168
22.26659
25.87565
27.85038
29.4796
31.40939
33.64307
35.54127
35.82185
32.55997
23.18804
4.49574
2.6774
13.71895
20.20785
24.03235
26.58545
28.76486
30.973
33.11702
34.6088
34.36492
30.80669
21.86015
4.95605
2.430525
14.74728
21.68633
25.48884
27.82214
29.77974
31.88136
34.07289
35.7264
35.64014
32.03857
22.57232
4.318176
64877
76053
83683
42788
29739
03279
12938
97178
01179
13314
97987
42445
2093
5709
16642
42788
10052
57095
35364
32403
0447
57902
35094
13975
5709
16642
49295
10052
27726
97178
01179
13314
97987
42445
2093
5709
16642
42788
10052
57095
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
166
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
37896
1.159729 
17 .66269
30333 25.95794
9257 29.50057
22688 30.90782
64877 31.9591
76053 33.59598
83683 35.92219
42788 38.20362
29739 38.86835
03279 35.50658
12938 24.87069
26541
2 .875248 
-.611843 
20.848
86692 30.6562
68776 33.73866
00643 33.86924
55488 33.66974
3029 34.60988
03496 37.00733
49295 40.0277
96493 41.68453
62357 38.83929
22688 27.20139
84372
1.328202
-1.961617
21.58288
13314 31.79231
76538 34.28992
93426 33.41251
13975 32.21045
96493 32.44767
63757 34.60168
83683 37.86354
57802 40.13789
07006 38.04294
60616 26.91046
26543
.7857787
-1.567596
16.04377
59793 23.75515
0082 25.65687
60994 24.92312
45501 23.81201
00643 23.66551
71936 24.90949
0
20
24
27
30
32
33
34
35
35
34
31
0
0
21
25
29
32
33
34
35
35
33
33
30
0
0
17
26
29
31
33
33
34
34
32
33
30
0
0
20
25
28
29
30
32
32
167
152 12 9 32.78979 27.05372
153 12 10 28.8202 28.69185
154 12 11 30.07383 27.50143
155 12 12 29.76538 20.24388
156 12 13 0 2.764528
157 13 1 0 2.291647
158 13 2 0 -.6960706
159 13 3 0 -.6887786
160 13 4 0 .7576619
161 13 5 0 2.465913
162 13 6 0 3.637157
163 13 7 0 3.851101
164 13 8 0 3.065973
165 13 9 0 1.618524
166 13 10 0 .224026
167 13 11 0 -0.023725
168 13 12 0 2.347588
Standard error = 3.703201675223729
168
Table B.7. Results of Center Point vs Flow for a Rough Surface 
with the Damper Open to Mark 2.
coefficient( 0 ) = 112.1665385620935
coefficient( 1 ) = -125.9703356845186
coefficient( 2 ) = 33.88505942209053
coefficient( 3 ) = -3.561212462890414
coefficient( 4 ) = .1272491565848714
coefficient( 5 ) = -131.5730639837267
coefficient( 6 ) = 147.7219459471062
coefficient( 7 ) = -39.07586600952309
coefficient( 8 ) = 4.080714463264406
coefficient( 9 ) = -.1456859833213855
coefficient( 10 ) = 36.38617446867306
coefficient( 11 ) = -40.46348317544393
coefficient( 12 ) = 10.7250575597887
coefficient( 13 ) = -1.117123530459358
coefficient( 14 ) = 3.972911354382164D-02
coefficient( 15 ) = -3.818963822283372
coefficient( 16 ) = 4.236190928440043
coefficient( 17 ) = -1.123245281290041
coefficient( 18 ) = .1169249794993721
coefficient( 19 ) = -4.155185072607542D-03
coefficient( 20 ) = .1347333859131076
coefficient( 21 ) = -.1496258620293882
coefficient( 22 ) = 3.966175977526834D-02
coefficient( 23 ) = -4.130782040946498D-03
coefficient( 24 ) = 1.469354593569611D-04
The flow is 14.5508 ff'B/s or 873.0479 ft~3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 2.653235
2 2 0 -1.754601
3 3 0 -2.214829
4 4 0 -.5993693
5 5 0 1.634672
6 6 0 3.445008
7 7 0 4.204167
8 8 0 3.699495
9 9 0 2.133154
10 10 0 .1221245
169
11 1 11 0 -1.301797
12 1 12 0 -.6919981
13 1 13 0 3.812952
14 2 1 0 -3.468614
15 2 2 6.444393 12.95883
16 2 3 22.32403 20.15815
17 2 4 25.23483 21.96972
18 2 5 26.916 21.36757
19 2 6 27.75997 20.45943
20 2 7 25.86692 20.48668
21 2 8 26.48394 21.82439
22 2 9 26.48394 23.9813
23 2 10 26.48394 25.59983
24 2 11 27.5095 24.45607
25 2 12 27.5095 17 .45979
26 2 13 0 .6544302
27 3 1 0 -4.529464
28 3 2 13.58597 18.3124
29 3 3 23.13608 28.05385
30 3 4 26.6576 30.23796
31 3 5 28.8202 29.14701
32 3 6 29.92 27 .80242
33 3 7 30.07383 27.96477
34 3 8 29.53192 30.13379
35 3 9 30.37916 33.54841
36 3 10 29.76538 36.18666
37 3 11 29.76538 34 .76579
38 3 12 28.09046 24.74217
39 3 13 0 .3113429
40 4 1 0 -2.841677
41 4 2 18.35364 18.28826
42 4 3 23.03614 27 .66803
43 4 4 26.48394 30.28925
44 4 5 28.4171 29.98803
45 4 6 30.15046 29.445
46 4 7 31.49778 30.18531
47 4 8 31.12938 32.57859
48 4 9 32.50712 35.83903
49 4 10 30.90622 38.0253
50 4 11 30.68145 36.04058
51 4 12 27.9257 25.63259
52 4 13 0 1.393525
53 5 1 0 -.2187673
54 5 2 17.31878 15.99091
55 5 3 22.01179 23.83286
56 5 4 25.14323 26.86501
57 5 5 27.17195 27 .79292
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58 5 6 29.2966 28.46975
59 5 7 31.42445 29.89627
60 5 8 32.36486 32.22086
61 5 9 32.71936 34.7395
62 5 10 32.57802 35.89576
63 5 11 31.27726 33.28086
64 5 12 28.17247 23.63358
65 5 13 0 2.840333
66 6 1 0 2.024601
67 6 2 16.77744 13.64731
68 6 3 20.26543 20.01684
69 6 4 23.23559 23.36416
70 6 5 25.95597 25.35118
71 6 6 28.17247 27.07077
72 6 7 30.90622 29.04674
73 6 8 32.00643 31.23387
74 6 9 32.57802 33.01788
75 6 10 32.71936 33.21546
76 6 11 31.27726 30.07423
77 6 12 28.8202 21.27278
78 6 13 0 3.920646
79 7 1 0 3.072617
80 7 2 16.07514 12.60677
81 7 3 19.45215 18.32489
82 7 4 23.13608 21.84319
83 7 5 25.86692 24.3396
84 7 6 28.17247 26.55372
85 7 7 30.68145 28.78688
86 7 8 32.07844 30.90208
87 7 9 32.57802 32.32402
88 7 10 32.57802 32.03913
89 7 11 30.90622 28.59548
90 7 12 28.49818 20.1029
91 7 13 0 4.232864
92 8 1 0 2.608318
93 8 2 16.77744 13.34103
94 8 3 20.26543 19.49827
95 8 4 23.23559 23.01608
96 8 5 25.95597 25.32215
97 8 6 28.17247 27.33581
98 8 7 30.90622 29.46795
99 8 8 32.00643 31.62114
100 8 9 32.57802 33. 18952
101 8 10 32.71936 33.05888
102 8 11 31.27726 29.60662
103 8 12 28.8202 20.70175
104 8 13 0 3.704912
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
171
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
.8135914
.31878 15.44424
.01179 22.91463
. 14323 26.25434
.17195 27.7501
.2966 28.94576
.42445 30.64232
.36486 32.8979
.71936 35.02773
.57802 35.6042
.27726 32.45683
.17247 22.67225
2.594235
-1.630823
.35364 17.63293
.03614 26.58799
.48394 29.58701
.4171 29.9619
.15046 30.02388
.49778 31.06345
.12938 33.35039
.50712 36.13376
.90622 37.6419
.68145 35.08247
.9257 24.64236
1.487799
-3.545336
.58597 17.74603
.13608 27.16876
.6576 29.70065
.8202 29.18328
.92 28.322
.07383 28.6859
.53192 30.70785
.37916 33.68448
.76538 35.77618
.76538 34.00711
.09046 24.26519
1.302096
-3.251508
444393 12.7449
.32403 19.9437
.23483 21.93935
.916 21.5272
.75997 20.70349
.86692 20.66532
.48394 21.8107
0
17
22
25
27
29
31
32
32
32
31
28
0
0
18
23
26
28
30
31
31
32
30
30
27
0
0
13
23
26
28
29
30
29
30
29
29
28
0
0
6.
22
25
26
27
25
26
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
172
12 9 26.48394 23.73853
12 10 26.48394 25.24858
12 11 27.5095 24.34152
12 12 27.5095 18.21889
12 13 0 3.283137
13 1 0 1.427952
13 2 0 -1.286723
13 3 0 -1.164027
13 4 0 .3047333
13 5 0 1.99386
13 6 0 3.143262
13 7 0 3.358453
13 8 0 2.610556
13 9 0 1.236297
13 10 0 -.0619867
13 11 0 -.2163548
13 12 0 2.206742
error = 3.291652606535529
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Table B.8. Results of Center Point vs Flow for a Rough Surface 
with the Damper Open to Mark 3.
coefficient( 0 ) = 91.85411695071629
coefficient( 1 ) = -104.061084870466
coefficient( 2 ) = 28.16502553566312
coefficient( 3 ) = -2.975165908724994
coefficient( 4 ) = .10669742447795
coefficient( 5 ) = -106.3935333216695
coefficient( 6 ) = 121.4241908123622
coefficient( 7 ) = -32.44761532281469
coefficient( 8 ) = 3.416763725607935
coefficient( 9 ) = -.1227063315523294
coefficient( 10 ) = 29.08680831363323
coefficient( 11 ) = -32.9735357261048
coefficient( 12 ) = 8.853077683669634
coefficient( 13 ) = -.9323859661942402
coefficient( 14 ) = 3.342985582974481D-02
coefficient( 15 ) = -3.039092988285661
coefficient( 16 ) = 3.440493347481315
coefficient( 17 ) = -.9250617895681552
coefficient( 18 ) = 9.746664723428265D-02
coefficient( 19 ) = -3.49481643725383D-03
coefficient( 20 ) = .1071478827529999
coefficient( 21 ) = -.1214718330005278
coefficient( 22 ) = 3.265382445611239D-02
coefficient( 23 ) = -3.442563120718519D-03
coefficient( 24 ) = 1.2355906965228ID-04
The flow is 11.9579 ftA3/s or 717.4739 ftA3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 2.619404
2 2 0 -1.204367
3 3 0 -1.730663
4 4 0 -.4970865
5 5 0 1.295953
6 6 0 2.785237
7 7 0 3.44474
8 8 0 3.085631
9 9 0 1.856269
10 10 0 .242206
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
174
11 0
12 0
13 0
1 0
2 11
3 17
4 19
5 21
6 22
7 22
8 23
9 22
10 22
11 23
12 22
13 0
1 0
2 10
3 19
4 22
5 23
6 24
7 24
8 25
9 25
10 24
11 24
12 23
13 0
1 0
2 16
3 20
4 23
5 24
6 25
7 25
8 26
9 26
10 26
11 25
12 22
13 0
1 0
2 15
3 19
4 22
5 23
-.9338116 
-.5118463 
3.005232 
-2.083978 
11.31142 
17.00773 
18.26713 
17 .60833 
16.8066 
16.89373 
18.15808 
20.14453 
21.6545 
20.74597 
14.73345 
.1880063 
-3.058303 
15.93123 
23.84871 
25.41829 
24.28639 
23.02174 
23.11534 
24.9805 
27.9528 
30.29012 
29.17263 
20.70277 
-0.094698 
-1.981058 
16.0032 
23.84495 
25.84864 
25.32784 
24.60521 
25.01252 
26.89064 
29.58955 
31.46832 
29.89515 
21.24731 
.9112061 
-.1694651 
14.1376 
20.9373 
23.3711 
23.84329
36684
97255
92095
0473
01179
52979
03614
93576
63196
13608
32403
52365
45215
42715
5316
11271
68015
0513
23483
58648
86641
03614
07514
15125
03614
30333
14323
77757
13314
57091
0447
14323
83495
93097
45215
52979
92057
175
58 5 6 25.14323 24.021
59 5 7 25.68791 24.83418
60 5 8 26.39668 26.47561
61 5 9 26.83015 28.4009
62 5 10 26.48394 29.32849
63 5 11 25.59793 27 .23965
64 5 12 23.03614 19.37847
65 5 13 0 2.251881
66 6 1 0 1.41951
67 6 2 14.72684 12.20686
68 6 3 17.84372 17.95488
69 6 4 20.93739 20.71929
70 6 5 22.73368 22.05629
71 6 6 24.39808 23.02254
72 6 7 25.14323 24.1752
73 6 8 26.22128 25.57188
74 6 9 26.57091 26.77068
75 6 10 26.48394 26.83017
76 6 11 25.50764 24.30938
77 6 12 23.23559 17.26785
78 6 13 0 3.265562
79 7 1 0 2.189167
80 7 2 13.92148 11.34553
81 7 3 16.63935 16.61499
82 7 4 19.80479 19.54752
83 7 5 22.01179 21.30329
84 7 6 24.01683 22.65272
85 7 7 24.95903 23.97643
86 7 8 25.95597 25.2653
87 7 9 26.48394 26.1204
88 7 10 26.57091 25.75303
89 7 11 25.23483 22.98473
90 7 12 23.43334 16.24725
91 7 13 0 3.582564
92 8 1 0 1.903061
93 8 2 14.72684 11.95032
94 8 3 17.84372 17.52319
95 8 4 20.93739 20.43079
96 8 5 22.73368 22.03368
97 8 6 24.39808 23.24384
98 8 7 25.14323 24.5247
99 8 8 26.22128 25.89109
100 8 9 26.57091 26.90927
101 8 10 26.48394 26.69694
102 8 11 25.50764 23.92323
103 8 12 23.23559 16.80868
104 8 13 0 3. 125273
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
176
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
. 6850132
93097 13.68008
45215 20.17322
52979 22.86479
92057 23.80976
14323 24.41769
68791 25.45278
39668 27.03381
83015 28.63417
48394 29.08187
59793 26.55952
03614 18.60434
2.108151
-.9808972
07514 15.4558
15125 22.94708
03614 25.26592
30333 25.30675
14323 25.08547
77757 25.73942
13314 27.52741
57091 29.82969
0447 31.14797
14323 29.10541
83495 20.44664
1.037737
-2.250329
52365 15.46061
45215 23.11496
42715 24.97124
5316 24.3128
11271 23.44783
68015 23.70935
0513 25.45521
23483 28.0681
58648 29.95552
86641 28.54983
03614 20.3082
.712643
-1.918682
36684 11.1398
97255 16.83529
92095 18.23853
0473 17.72897
01179 16.99487
52979 17.03325
03614 18.14989
0
15
19
22
23
25
25
26
26
26
25
23
0
0
16
20
23
24
25
25
26
26
26
25
22
0
0
10
19
22
23
24
24
25
25
24
24
23
0
0
11
17
19
21
22
22
23
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
177
12 9 22.93576 19.95935
12 10 22.63196 21.38497
12 11 23.13608 20.65883
12 12 22.32403 15.32182
12 13 0 2.223558
13 1 0 1.578909
13 2 0 -.7992357
13 3 0 -.8452771
13 4 0 .2462399
13 5 0 1.569241
13 6 0 2.506124
13 7 0 2.727756
13 8 0 2.193477
13 9 0 1.151096
13 10 0 .1368948
13 11 0 -0.024375
13 12 0 1.780511
error = 2.617927037272942
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Table B.9. Results of Center Point vs Flow for a Rough Surface 
with the Damper Open to Mark 4.
coefficient( 0 ) = 88.5029244479679
coefficient( 1 ) = -101.079426883959
coefficient( 2 ) = 27.63067160298326
coefficient( 3 ) = -2.910592606246499
coefficient( 4 ) = .1036495235083228
coefficient( 5 ) = -103.6112004067012
coefficient( 6 ) = 118.9458476820777
coefficient( 7 ) = -32.10262166657002
coefficient( 8 ) = 3.363740324532283
coefficient( 9 ) = -.1196356633228712
coefficient( 10 ) = 28.85279748222686
coefficient( 11 ) = -32.95339775558062
coefficient( 12 ) = 8.929466606997757
coefficient( 13 ) = -.9343381470897255
coefficient( 14 ) = 3.312524460512852D-02
coefficient( 15 ) = -3.035238292844902
coefficient( 16 ) = 3.464122917109728
coefficient( 17 ) = -.9398396300462661
coefficient( 18 ) = .098322636003254
coefficient( 19 ) = -3.483881968026062D-03
coefficient( 20 ) = .107065608118285
coefficient( 21 ) = -.1223726743629261
coefficient( 22 ) = 3.319769380490287D-02
coefficient( 23 ) = -3.474812585082954D-03
coefficient( 24 ) = 1. 2 32265223714323D-04
The flow is 11.43295 ftA3/s or 685.9773 ftA3/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 2.249433
2 2 0 -1.340892
3 3 0 -1.776656
4 4 0 -.549208
5 5 0 1.180786
6 6 0 2.583342
7 7 0 3.159161
8 8 0 2.739625
9 9 0 1.486798
10 10 0 -.1065695
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
179
11 0 -1.217048
12 0 -.6905248
13 0 2.957798
1 0 -2.186205
2 7.441344 10.27305
3 15.93097 15.31901
4 17.71394 16.07357
5 18.72697 14.96215
6 19.5704 13.71368
7 17.97255 13.36061
8 16.63935 14.23889
9 17.05026 15.98799
10 18.84977 17.55089
11 19.21347 17.17411
12 18.72697 12.40764
13 0 .1050165
1 0 -3.032979
2 12.15166 14.16339
3 16.35968 21.0398
4 18.97178 21.99246
5 20.37896 20.42842
6 20.93739 18.76563
7 19.45215 18.43289
8 19.68795 19.86988
9 19.92095 22.52714
10 20.71583 24.86609
11 20.71583 24.35902
12 19.21347 17.48909
13 0 -.2496802
1 0 -1.915243
2 13.06657 13.6741
3 16.63935 20.30557
4 18.84977 21.78879
5 20.26543 21.06192
6 21.0473 20.19162
7 21.48131 20.37308
8 21.26541 21.93002
9 21.80115 24.31465
10 21.69506 26.10774
11 21.26541 25.01854
12 19.21347 17.88486
13 0 .6729844
1 0 -.1084173
2 12.52565 11.41199
3 15.49039 16.95346
4 17.71394 19.0334
5 19.33318 19.57237
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104 o3
CD
aD
co
co
co
<x
>C
D(
»<
Dc
oc
Dc
o*
-j
'-
J-
-J
-o^
-J^
-«
J'
-J
'*
J'
*a
'-
J'
*4
0>
c>
<y
><
T>
o,*
c7
io
\c
r>
<^
av
o\
cr
>o
,\u
iL
nL
nL
nL
nu
iL
nu
i
180
6 20
7 21
8 22
9 22
10 22
11 21
12 19
13 0
1 0
2 11
3 14
4 16
5 17
6 20
7 21
8 22
9 22
10 22
11 21
12 19
13 0
1 0
2 10
3 13
4 16
5 17
6 19
7 21
8 22
9 22
10 22
11 21
12 19
13 0
1 0
2 11
3 14
4 16
5 17
6 20
7 21
8 22
9 22
10 22
11 21
12 19
13 0
19.89418 
20.72584 
22. 19755 
23.84273 
24.59802 
22.80324 
16.20144 
1.93886 
1.461019 
9.246664 
13.73796 
16.2866 
17.89695 
19.226 
20.58343 
21.93157 
22.8854 
22.71257 
20.33337 
14.32076 
2.900369 
2.21552 
8.310568 
12.33085 
15.09825 
17.20025 
18.98987 
20.58574 
21.87203 
22.4985 
21.88049 
19.19891 
13.40023 
3.196507 
1.926481 
8.998955 
13.32123 
16.00768 
17.8743 
19.43872 
20.92022 
22.23969 
23.01967 
22.58435 
19.95954 
13.87268 
2.752845
71583
90672
11636
52979
11636
37363
21347
7658
08624
63935
97255
03643
69506
32403
52979
32403
48131
45215
95336
06657
07514
84372
92095
80115
32403
52979
32403
26541
45215
7658
08624
63935
97255
03643
69506
32403
52979
32403
48131
45215
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
181
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
0
12.52565
15.49039
17.71394 
19.33318
20.71583 
21.90672
22.11636 
22.52979
22.11636 
21.37363
19.21347 
0
0
13.06657
16.63935 
18.84977 
20.26543 
21.0473 
21.48131
21.26541 
21.80115 
21.69506
21.26541
19.21347 
0
0
12.15166
16.35968
18.97178
20.37896
20.93739
19.45215
19.68795
19.92095
20.71583
20.71583
19.21347 
0
0
7.441344
15.93097
17.71394 
18.72697 
19.5704
17.97255
16.63935
.7142302
10.9699
16.21555
18.54374
19.53856
20.2756
21.32194
22.73617
24.06839
24.36018
22.14465
15.44639
1.781523
.9519649
13.14431
19.43753
21.22477
21.03993
20.65369
21.07359
22.54395
24.54592
25.79745
24.25332
17.10512
.7812592
2.2539
13.70588
20.32824
21.55863
20.4527
19.1763
19.00544
20.32632
22.63535
24.53911
23.75436
17.10806
.5373409
2.024435
10.10117
15.14606
16.04267
15.07865
13.89685
13.49535
14.22743
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
182
12 9 17.05026
12 10 18.84977
12 11 19.21347
12 12 18.72697
12 13 0
13 1 0
13 2 0
13 3 0
13 4 0
13 5 0
13 6 0
13 7 0
13 8 0
13 9 0
13 10 0
13 11 0
13 12 0
error = 2. 274961914379231
15.8016
17.28157
17.08627
12.98984
2.121631
1.252509
-.9604859
-.9333175
.1637522
1.446932
2.318901
2.468808
1.872273
.7913857
-.2252944
-.3427368
1.560559
Table B.10. Results of Center Point vs Flow for a Rough 
Surface with the Damper Open to Mark 5.
coefficient( 0 ) = 61.06503466765086
coefficient( 1 ) = -69.43326773603995
coefficient( 2 ) = 18.83644440772263
coefficient( 3 ) = -1.991086613936086
coefficient( 4 ) = 7.139747263129122D-02
coefficient( 5 ) = -70.68797485543824
coefficient( 6 ) = 81.02154525554026
coefficient( 7 ) = -21.72931809524547
coefficient( 8 ) = 2.291065774153488
coefficient( 9 ) = -8.228424410045609D-02
coefficient( 10 ) = 19.30578288930687
coefficient( 11 ) = -21.99100119995983
coefficient( 12 ) = 5.935399138759569
coefficient( 13 ) = -.6264120793519057
coefficient( 14 ) = 2 .246644807229444D-02
coefficient( 15 ) = -2.016235947050903
coefficient( 16 ) = 2.294063632882509
coefficient( 17 ) = -.6204434391377518
coefficient( 18 ) = 6.552757304691804D-02
coefficient( 19 ) = -2.350511758562521D-03
coefficient( 20 ) = 7.107697639138225D-02
coefficient( 21 ) = -8.099040769323229D-02
coefficient( 22 ) = 2.190087348888642D-02
coefficient( 23 ) = -2.314459616407956D-03
coefficient( 24 ) = 8 . 31007296619186D-05
The flow is 7.942374 ft^/s or 476.5424 ft^/min.
Data Vertical Horizontal Actual 
Calculated
Number Position Position Velocity Velocity
(fps) (fps)
1 1 0 1.738109
2 2 0 -.8224478
3 3 0 -1.188063
4 4 0 -.3793195
5 5 0 .8066939
6 6 0 1.796383
7 7 0 2.239648
8 8 0 2.009884
9 9 0 1.203979
10 10 0 .1423178
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
184
11 0 -.6312233
12 0 -.3492715
13 0 1.979039
1 0 -1.319882
2 7.745196 7.597818
3 11.7658 11.3601
4 13.06657 12.15571
5 13.92148 11.67466
6 14.56933 11.10825
7 14.88269 11.14909
8 14.88269 11.99104
9 15.03692 13.32929
10 15.18958 14.36028
11 15.49039 13.78176
12 14.56933 9.792752
13 0 0.093579
1 0 -1.950861
2 7.745196 10.74161
3 13.24197 16.02685
4 14.4101 17.06252
5 16.07514 16.28651
6 16.21803 15.41698
7 16.63935 15.45231
8 16.35968 16.67113
9 16.63935 18.6323
10 16.50011 20.17495
11 16.63935 19.41844
12 15.18958 13.76235
13 0 -.1134541
1 0 -1.246098
2 10.74065 10.84012
3 13.58597 16.14434
4 15.63863 17.53151
5 16.63935 17.20814
6 17.18505 16.7223
7 17.84372 16.96361
8 17.84372 18.16323
9 18.10047 19.8939
10 17 .58321 21.06989
11 16.77744 19.94702
12 15.18958 14.12268
13 0 .5357976
1 0 -0.062713
2 10.74065 9.632879
3 13.75475 14.31164
4 15.63863 16.04934
5 16.35968 16.43606
185
58 5 6 17.18505 16.57611
59 5 7 17.84372 17.08811
60 5 8 18.10047 18.10495
61 5 9 18.2275 19.27377
62 5 10 17.97255 19.75602
63 5 11 16.9144 18.22739
64 5 12 15.18958 12.87787
65 5 13 0 1.411707
66 6 1 0 .9763188
67 6 2 10.07563 8.367725
68 6 3 12.70851 12.39472
69 6 4 14.72684 14.39896
70 6 5 15.49039 15.39745
71 6 6 16.63935 16.08252
72 6 7 17.58321 16.82182
73 6 8 18.10047 17.65834
74 6 9 18.2275 18.31041
75 6 10 17.97255 18.17167
76 6 11 17.05026 16.31112
77 6 12 15.34072 11.47307
78 6 13 0 2.077162
79 7 1 0 1.482168
80 7 2 9.363485 7.800834
81 7 3 11.7658 11.52646
82 7 4 13.24197 13.65956
83 7 5 15.03692 14.95017
84 7 6 16.35968 15.89782
85 7 7 17.71394 16.75156
86 7 8 18.10047 17.50996
87 7 9 18.2275 17.9211
88 7 10 17.97255 17.48257
89 7 11 16.9144 15.44147
90 7 12 15.34072 10.79443
91 7 13 0 2.287565
92 8 1 0 1.300152
93 8 2 10.07563 8.196707
94 8 3 12.70851 12.10665
95 8 4 14.72684 14.20661
96 8 5 15.49039 15.3827
97 8 6 16.63935 16.23049
98 8 7 17.58321 17.05503
99 8 8 18.10047 17.87085
100 8 9 18.2275 18.40195
101 8 10 17.97255 18.08182
102 8 11 17.05026 16.05339
103 8 12 15.34072 11.1691
104 8 13 0 1.990834
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
186
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
10 1
10 2
10 3
10 4
10 5
10 6
10 7
10 8
10 9
10 10
10 11
10 12
10 13
11 1
11 2
11 3
11 4
11 5
11 6
11 7
11 8
11 9
11 10
11 11
11 12
11 13
12 1
12 2
12 3
12 4
12 5
12 6
12 7
12 8
0
10.74065 
13.75475
15.63863
16.35968
17.18505
17.84372
18.10047 
18.2275
17.97255 
16.9144
15.18958 
0
0
10.74065 
13.58597
15.63863
16.63935
17.18505
17.84372
17.84372
18.10047 
17.58321 
16.77744
15.18958 
0
0
7.745196 
13.24197 
14.4101 
16.07514 
16.21803
16.63935
16.35968
16.63935 
16.50011
16.63935
15.18958 
0
0
7.745196 
11.7658
13.06657 
13.92148 
14.56933
14.88269
14.88269
.5097337
9.328169
13.80197
15.71184
16.41419
16.8412
17.50076
18.47653
19.42788
19.58991
17.7735
12.36522
1.327403
.5754788
10.47637
15.54602
17.14322
17. 19444
17.04281
17.44816
18.58702
20.05258
20.85475
19.42012
13.59195
.6302182
1.40773
10.43079
15.53929
16.76504
16.30392
15.70038
15.84747
16.9868
18.70859
19.95161
19.00324
13.49944
.4247432
I.20512 
7.489242
II.24918 
12.1378 
11.75373 
11.23115 
11.23978
11.98487
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
187
12 9
12 10
12 11
12 12
12 13
13 1
13 2
13 3
13 4
13 5
13 6
13 7
13 8
13 9
13 10
13 11
13 12
.03692 13.20721
.18958 14.18315
.49039 13.72456
.56933 10.17884
1.428956 
1.048399 
-.5421573 
-.589994 
.1182902 
.9856398 
1.604542 
1.757028 
1.414672 
.7385892 
.079441 
-0.0225698 
1.162303
15
15
15
14
0
0
0
0
0
0
0
0
0
0
0
0
0
error = 1.689185837101873
Appendix C
Computer Code for D e t e r mining Ten 
Meter Wind Velocity for the 
Portable Wind Tunnel
**************************************★****’**★★*■*■****** 
* *
* WIND TUNNEL FIELD CALCULATOR *
* W R IT TEN  BY: JOE ALVIN HAUN *
* REVISED: JUNE 1, 1995 BY: JOE A LVI N HAUN *
*  *  
*******************************************************
DIM l o g h g t (12): DIM vel(12): DIM p r e s s u r e .v e l (12)
50 CLS
INPUT "TEMPERATURE, (F)M ; temperature 
INPUT "AMBIENT PRESSURE (in H g ) " ; amb.pressure
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
* A. Initialize variables *
* *
* VARIABLES DEFINITION *
* amb.pressure > ambient pressure (in Hg) *
* K > velocity constant; v = K ( p r e s s . v e l o c i t y ) A .5 *
* temperature > temperature (F) *
* vel.sqred > velocity squared (m/s)A2 *
* vel.loghgt > velocity * log(hgt) *
* hgt > height (cm) *
* total.loghgt > total log(height) (cm) *
* total.vel > total velocity (m/s) *
* t o t a l .v e l .loghgt > total velocity log height *
* t o t a l .v e l .sqred > total velocity squared (m/s)A2*
* *
* ARRAYS DEFINITION *
* v e l d )  > velocity (m/s) *
* loghgt(i) > log(height) *
* p r e s s u r e . v e L (i) > pressure velocity (in H20) *
* * 
* * * * * * r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
total.loghgt = 0: total.vel = 0: t o t a l .v e l .loghgt = 0
t o t a l .v e l .sqred = 0: number = 9: counter = 0
k = 10.83 * ((temperature + 459.03) / a m b . p r e s s u r e ) *.5 
100 FOR i = 2 TO 10
IF (i = 2) THEN hgt = .5
IF (i = 3) THEN hgt = .7
IF (i = 4) THEN hgt = 1
IF (i = 5) THEN hgt = 1.4
IF (i = 6) THEN hgt = 2!
IF (i = 7) THEN hgt = 2.8
IF (i = 8) THEN hgt = 3.8
IF (i = 9 )  THEN hgt = 5!
IF (i = 10) THEN hgt = 7 . 5  
loghgt(i) = LOG(hgt)
CLS
COLOR 4, o , 0
188
PRINT "NOTE: A 9 WIL L ENTER NO VALUE!!!":
COLOR 7, o , 0
PRINT "FOR A HEIGHT OF hgt; "cm."
250 INPUT "PRESSURE VELOCITY IS (in H20) " , p r e s s u r e .v e l (i)
IF pressure.vel(i) = 9 THEN GOTO 300 
IF p r e s s u r e .v e l (i ) > 0 AND p r e s s u r e .v e l (i ) < .25 
THEN  GOTO 3 00 
COLOR 4, 0, 0
PRINT "YOUR VALUE FOR PRESSURE VELOCITY IS NOT 
BETWEEN 0 AND 0.25."
PRINT "IF YOU WANT TO ENTER ANOTH ER VALUE PRESS 
THE 'Y 1 KEY AND HIT ENTER"
INPUT "OTHERWISE, HIT ENTER AND THE PROGRAM WILL  
E N D ! !!!!!"; Response?
COLOR 7, o , 0
IF Response? = "Y" OR Response? = "y" TH E N  GOT O 250 
GOT O 1000
300 v e l d )  = k * (pressure, vel (i) ) " .5
IF (pressure.v e l (i) = 9) THEN  number = number - 1
IF ( pre ssure.vel(1) = 9) THEN  GOTO 400
vel.loghgt = loghgt(i) * vel(i)
ve l.sqred = vel(i) * vel(i)
total.loghgt = loghgt(i) + total.loghgt
total, vel = v e l d )  + total, vel
t o t a l .v e l .loghgt = vel.loghgt + t o t a l .v e l .loghgt 
t o t a l .v e l .sqred = vel .sqred + t o t a l .v e l .sqred 
4 00 NEXT i 
CLS
' * A VARIABLE CHECK P O I N T ! !!!! *
' PRINT "t o t a l .loghgt is total.loghgt 
' PRINT "total.vel is total.vel
' PRINT " t o t a l .v e l .loghgt is t o t a l .v e l .loghgt 
' PRINT " t o t a l .v e l .sqred is "; t o t a l .v e l .sqred 
' INPUT "is this o.k."; dummy
i ★  k •kie'kicic'kieir'kicic-kicle'kieieic'kicieiririe'k'kieic'icieleieirieieir
' * The program will now clear the screen and plot a *
' * graph showing the velocities at various points *
' * inside the tunnel. The user has the option to *
' * reenter the points if any of the points appear to *
' * be out of place either by data entry error or *
1 * recording error. *
• **********************************************************
PRINT "In Z, cm"
PRINT " !............. !.............. ! - - - 1............ !...........
; I
FOR J = 10 TO 2 STEP -1
500 counter = counter + .1 
Z = (1!) ■ counter
IF Z > loghgt(J) THEN
PRINT USING "###.##";Z; : PRINT TAB (8) ; " I - " ; TAB (58) ; " - I " 
GOT O 500 
END IF
IF p r e s s u r e .vel(J) = 9 THEN
PRINT USING "# # # . # # " ; Z ; :PRINT T A B ( 8 ) ; " TAB(58); "-!"
GO T O  6 00
190
END IF
IF Z = loghgt(J) THEN
PRINT USING "###.##"; Z; : PRINT TAB (8) ; " I "; : PRINT
TAB(vel(J + 9)); : PRINT USING "###.##"; v e l ( J ) ; :
PRINT "tnph" ; : PRINT TAB (58) ; " - ! "
END IF
IF Z < loghgt(J) THEN
PRINT USING "ft##.##"; Z; : PRINT TAB(8); " : PRINT
TAB(vel(J) + 9); ; PRINT USING "###.##"; v e l ( J ) ; :
PRINT "mph"; : PRINT T A B (58); "-!"
END IF 
6 00 NEXT J
PRINT TAB (8) ; " ! -  ! - - -   i.......... !........... !.......
PRINT T A B (9); "0"; T A B (18); "10"; TAB(28); "20"; TAB(38); "30";
T A B (48); "40"; TAB(58); "50"
PRINT T A B (26); "WIND SPEED, mph": PRINT
INPUT "ARE THESE POINTS ACCEPTABLE TO YOU (Y/N)?"; answeiS 
IF answers = "N" OR answers = "n" THEN  GOTO 100
1 * NOW THE PROGRAM WILL CLEAR THE SCREEN AND *
* PRINT THE RESULTS OF THE PROGRAM. *
* *********************************** ********************
CLS
FOR A TEMPERATURE OF "; temperature; " degrees F, AND AN" 
A MB IEN T PRESSURE OF "; a m b .p r e s s u r e ; " in Hg."
II
Y Pvel Pvel Pvel"
cm in H20 mph m/s"
(i) = 9 THEN PRINT USING "####.##"
(i) = 9 THEN GOT O 7 00
PRINT 
PRINT 
PRINT 
PRINT 
PRINT
FOR i = 2 TO 10 
IF pressure.vel 
E X P (l o g .h g t (i ))
IF pressure.vel
PRINT USING "####.##"; E X P (l o g h g t (1)); : PRINT USING "###.####"; 
p r e s s u r e . v e l (i); : PRINT USING "####.##"; vel(i); (vel(i) * .447;
7 00 NEXT i 
PRINT
PRINT "THE K VALUE IS "; k 
PRINT
* Assuming the relation between the velocity and the *
* log of the height is linear, we will use linear *
* regression to determine the velocity at different *
* heights (ie. height at zero velocity and the *
* velocity at ten meters. *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
a = (t o t a l .loghgt * t o t a l .v e l .sqred - t o t a l .v e l .loghgt * 
t o t a l .v e l )
' PRINT a
' INPUT "is this o.k."; dummy
b = (number * t o t a l .v e l .sqred - total.vel * total.vel) 
y.intercept = a / b
c = (total,vel * total.loghgt - number * t o t a l .v e l .loghgt) 
d = (total.vel * total.vel - number * t o t a l .v e l .sqred) 
slope = c / d
I *********************************** *********************
1 * Determining the velocity and pressure velocities at *
191
1 * 5cm and LOm. *
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
wind, s p e e d . 10 . in = (LOG (10 * 100) ■ '/.intercept) / slope
PRINT "THE WIND SPEED AT 10m IS : PRINT U S ING  ")*####.##"; 
w i n d . s p e e d . 10.m; : PRINT "mph OR"; : PRINT U SI NG M " ;
w i n d . s p e e d .10.m * .447; : PRINT "m/s."
r o u g h n e s s .height = E X P ( y .intercept)
PRINT "THE ROUGHNESS HEIGHT IS "; : PRINT U S ING  "# . ft######" ;
r o u g h n e s s .h e i g h t ; : PRINT "cm."
w i n d .s p e e d .7.5.cm = w i n d .s p e e d .10.m * (LOG (7.5) -
L O G ( r o u g h n e s s .h eig ht) ) / (LOG(IOOO) - L O G ( r o u g h n e s s .h e i g h t ) )
PRINT "THE WIND SPEED AT  7 .5c m IS "; : PRINT USING "#####.##";
wind .sp eed .7 . 5 . cm; : PRINT "mph OR"; : PRINT USING "#####.##";
w i n d .s p e e d .7.5.cm * .447; : PRINT "m/s."
p r e s s u r e .v e l o c i t y .7.5.cm = (wind.s p e e d .7.5.cm / k) * 2
PRINT "THE PRESSURE VELOCITY AT 7 .5c m IS ";
p r e s s u r e .v e i o c i t v .7.5.cm; "in H20."
* NOW THE PROGRAM DETERMINES THE 10 meter VE LOCITY *
* FOR DIFFERENT PRESSURE VELOCITIES AT  7.5 *
' * centimeters. *
I *******************************************************
PRINT
PRINT "DO YOU WANT TO KNOW THE 10m VELOCITY A T  D IFFERENT 
PRESSURE"
INPUT "VELOCITIES A T  7.5 cm (Y/N) "; FIND$
IF FIND$ = "Y" OR FIND$ = "y" THEN GOTO 2000 
G O T O  22 00
2 0 0 0 INPUT "WHAT IS THE PRESSURE VELOCITY AT 7.5 cm "; new.pressure 
velocity = k * (new.pressure) * .5
ve l o c i t y . a t . 10.in = (LOG(IOOO) - L O G (r o u g h n e s s .h e i g h t )) * velocity 
/ (L O G (5) • L O G (r o u g h n e s s .h e i g h t ) )
PRINT "THE VELOCITY AT 10m IS "; v e l o c i t y .a t .10.m; "mph or "; 
(.447 * v e l o c i t y . a t .10.m ) ; "m/s."
INPUT "do you want to do another conversion "; convert$
IF converts = "y" OR converts = "y" THEN GOTO 2000 
2 2 0 0 W i n d .S p e e d .P L U S .5mph = C enterline.Wind.Speed + 5
Pr ess u r e . V e l o c i t y .PLUS.5mph = ( Wind.Speed.PLUS.5mph / k) ‘ 2
wind. Speed. PLUS. lOinph = Center line. Wind. Speed + 10
P r e s s u r e .V e l o c i t y .PLUS.lOmph = (Wind.Speed.PLUS.lOmph / k) * 2
w i n d .S p e e d . P L U S . I5inph = Centerline. Wind.Speed + 15
P re ss u r e . V e l o c i t y .PLUS.15mph = (wind.Speed.PLUS.15mph / k) * 2
1 PRINT "PRESSURE VELOCITY PLUS 5 mph IS"; : PRINT USING
"UifU.UU"; Pressure . Velocity . P L U S . 5mph; : PRINT "in H20."
' PRINT "PRESSURE VELOCITY PLUS lOmph IS"; : PRINT USING
"fftt#.##"; P res s u r e . Velocity . P L U S . lOmph; : PRINT "in H20."
’ PRINT "PRESSURE VELOCITY PLUS 15mph IS"; : PRINT USING
P r e s s u r e .V e l o c i t y .P L U S .15mph; : PRINT "in H20."
' PRINT " "
' INPUT "WOULD YOU LIKE A PRINT OUT  OF THIS PAGE (Y/N)"; Print?
1 IF Print? = "Y" OR Print? = "y" T HEN GOTO 900
GOT O 1000
' 9 00 LPRINT " Y Pvel Pvel Pvel"
' LPRINT " cm in 1-120 mph in/s"
1 FOR i = 2 TO 11
1 IF pressure. veLocity (i) = 9 THE N LPRINT U SING " Itttlflt. Itif" ;
E X P ( l o g .h e i g h t (i))
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1 IF p r e s s u r e .v e l o c i t y (i ) = 9 THEN G O T O  800 
' LPRINT USING " ftftttft . itft" ; EXP (log . height ( i )) ;
p r e s s u r e .v e l o c i t y (i ) ; velocity(i); velocity(i) * .447 
' 800 NEXT i
1 LPRINT "THE WIND SPEED AT 10m IS : LPRINT USING " ftfttt. ft#" ;
wind, speed. 10 .m; : LPRINT "mph OR"; : LPRINT USING "###.##";
w i n d . s p e e d . 1 0 .m * .447; : LPRINT "m/s."
1 LPRINT "THE WIND SPEED AT  5cm IS "; : LPRINT USING "###.##";
w i n d . s p e e d . 5.cm; : LPRINT "mph OR"; : LPRINT USING "###.##";
w i n d .s p e e d .5.cm * .447; : LPRINT "m/s."
1 LPRINT "THE ROUGHNESS HEIGHT " + "IS "; : LPRINT USING
"ft. ft######"; roughness . height; : LPRINT "cm."
1 LPRINT "THE CENTERLINE W IND SPEED A T  5cm IS "; : LPRINT USING 
"###.##"; Centerline. Wind.Speed; : LPRINT "mph O R " ; : LPRINT 
USING " ftfttt. tttt"; Centerline. Wind. S peed * .447; : LPRINT "m/s.":
LPRINT
1 LPRINT "PRESSURE VELOCITY PLUS 5 mp h " + "IS"; : LPRINT USING
"ftfttt. tttt"; Pressure. V e l o c i t y . PLUS. 5mph; : LPRINT "in H20."
1 LPRINT "PRESSURE VELOCITY PLUS lOmph " + "IS"; : LPRINT USING
" tttt ft. tttt"; Pr essur e . Veloci t y . P L U S . lOmph; : LPRINT "in H20."
1 LPRINT "PRESSURE VEL OCITY PLUS 15mph " + "IS"; : LPRINT USING
"ftfttt. tttt"; Pressure. Velocity.PLUS. 15mph; : LPRINT "in H20."
PRINT " "
1000INPUT "DO YOU WAN T TO RUN ANOTHER S ET OF POINTS (Y/N)?", 
run.again$
IF run.again$ = "Y" OR run.again$ = "y" TH E N  GO T O  50
CLS
END
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Table D.2. Average TSI PM-10 Readings
tunnel disturbed soil TSI #1 TSI #2 TSI #3 TSI #4 
run # (y=l,n=0) group
wtOOl 0 3 0 . 063 0 . 971 0.668 NA
wt002 0 6 0 .157 0 .499 0 .215 NA
wt003 0 6 0 .187 0 .772 0 . 641 NA
Wt004 0 8 0 .139 0 . 058 0 . 076 NA
wt005 1 8 0 .182 0 .131 NA NA
Wt006 0 8 1 .777 2 . 058 1.662 NA
Wt007 0 5 0 . 071 0 .637 0 . 292 NA
wt008 0 8 0 .018 0 . 055 0 .163 NA
Wt009 0 8 0 .183 0 .47 0 .213 NA
wtOlO 0 8 0 .314 1. 544 0 . 585 NA
wtOll 0 6 2 . 868 12.617 NA NA
wt012 0 2 0 .512 0 . 883 0 .809 NA
wt013 1 8 2 .269 4 .189 3 .788 NA
wt014 0 8 0 .907 0 .672 1.338 NA
wt015 0 2 0 .362 0.339 0 .435 NA
wt016 1 2 1 . 093 0.334 1.489 NA
wt017 0 2 1.33 0 . 377 0 .724 NA
wt018 1 2 1 .343 1. 055 1.5 NA
wt019 1 2 0 .513 0 .717 0 .645 NA
wt02 0 1 8 0 .234 0 .267 0 .294 NA
wt021 1 2 0 .282 0 . 374 0 . 353 NA
Wt022 1 2 0 .1 0 .205 0 .141 NA
wt023 0 5 1 . 555 1.938 2 .518 NA
wt024 1 9 1 . 57 3 2 .652 1.613 NA
Wt025 0 2 1 .628 1 . 866 1.382 NA
wt026 0 6 0 .332 0 .65 0.798 NA
wt027 0 6 0 . 59 0 .485 1. 282 NA
wt028 0 6 0 .942 1.147 1. 342 NA
wt029 1 3 0 .206 0 .495 0 .315 NA
wt03 0 0 6 0 . 546 0 . 5 0 .585 NA
wt031a 1 8 1.431 2 .674 4 .17 2 NA
w t031b 1 8 1 .392 2.665 5.691 NA
wt031c 1 8 3 .599 3 .94 5 .689 NA
w t031d 1 8 3 .23 1.538 9 .109 NA
wt031e 1 8 1 .656 1.973 2.748 NA
wt031f 1 8 1.885 1. 598 2.28 NA
w t031g 1 8 1 . 032 1.601 1.672 NA
wt03lh 1 8 22 . 84 19.953 48 .987 NA
wt032 1 2 0 .156 0 .115 0 .125 NA
wt033 0 5 0.653 0 .631 0 .597 NA
wt034 0 2 1 .245 2 . 07 3 4 .244 NA
wt035 0 2 0 .93 1 .832 5 .148 NA
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tunnel 
run #
disturbed 
(y=l,n = 0 )
soil
group
TSI #1 TSI #2 TSI #3 TSI #4
wt036 0 2 0 .946 0 .978 1. 645 NA
wt037 0 2 0 . 878 0 . 894 2 . 571 NA
wt038 0 2 0 .171 0 .184 0 . 248 NA
wt039 0 2 0 . 508 0 .442 0 .744 NA
wt040 0 2 0 . 908 3 .17 2 1 .336 NA
wt041 0 2 0 . 87 2 0.77 0 . 849 NA
Wt042 0 2 0 .285 0.61 0 .46 NA
Wt04 3 1 2 2 . 353 3 .251 6 .955 NA
wt044 0 2 0 .339 0 . 523 0 . 853 N A
wt045 0 2 1 .535 0 .933 1.664 N A
wt046 0 3 0 . 353 0 .633 1. 395 NA
wt047 0 7 0 .808 1. 009 1.155 NA
wt048 0 2 0 . 063 0 .107 0 .129 NA
wt049 0 2 0 . 071 0 .243 0 .712 NA
wt050 1 2 0 .681 2 .166 5 .853 1 . 847
Wt051 0 8 0 .123 0 . 368 0 . 593 0 .403
wt052 0 8 0 . 071 0 .141 0 .244 0 .218
wt053 1 8 1 . 035 0.966 2 .57 3 0 .652
wt054 1 2 0 .154 0 .237 0 .598 0.532
wt055 1 2 0.35 1. 076 1.36 0 . 542
wt056 1 8 0 .153 0 .305 0.283 0 . 348
wt057 1 8 0 . 063 0 .163 0 .107 0 . 244
wt058 1 9 0 .713 0 . 866 1.472 0 . 825
wt059 1 9 0 .15 0 .21 0 .212 0 .192
wt060 1 9 0 . 318 0 .253 0 . 519 0.238
W t 0 6 1 1 5 0 .736 1.212 2 . 012 1. 055
Wt062 0 5 0.438 1.155 2.788 1.131
wt063 0 5 0 .246 0 .95 0 .424 1. Ill
wt064 0 5 0 .327 0 .415 1. 838 0 .654
wt065 0 5 0 .884 0 .819 0.79 1.445
Wt066 0 6 0.301 0 .393 0 .628 0 .406
wt067 0 6 0 .316 0 .177 0 . 355 NA
wt068 0 2 0 .134 0 .394 0 .453 0 . 361
wt069 0 5 0.435 2 .259 1 .512 2.345
Wt07 0 0 5 0 .18 0 .459 1.413 0.603
wt07 1 1 5 1 .416 5 .44 9 .205 3 .667
wt07 2 0 7 0 .481 0.76 2 .451 1. 864
wt07 3 0 7 0 .171 0 .472 0.98 0 .802
wt07 4 0 7 0 .084 0 .123 0 .197 0 .247
Wt07 5 0 9 0 .193 0 . 242 0.74 0.513
wt07 6 0 9 0 . 252 0 .454 0 . 599 0.433
wt077 0 9 0 .447 0 .452 3 .148 1.947
wt07 8 1 9 2.453 43 .902 68 . 618 5 . 04
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Table D.3. Corrected TSI PM-10 Readings
tunnel disturbed soil Corr . Corr . Corr . Corr .
run # (y=1,n = 0 ) group TSI #1 TSI #2 TSI #3 TSI #4
(mg/m3) (mg/m3) (mg/m3) (mg/m3)
WtOOl 0 3 0.102 1.773 0.668 NA
wt002 0 6 0 .17 8 0 .647 0 .215 NA
wt003 0 6 0 . 217 0 .913 0.641 NA
wt004 0 8 0 .156 0 . 07 2 0 . 07 6 NA
wt005 1 8 0.401 0 . 37 NA NA
wt0 06 0 8 1.749 2 . 521 1 .662 NA
wtO 07 0 5 0 . 094 0.923 0 .292 NA
wt008 0 8 0 . 022 0 . 07 3 0 .163 NA
wt009 0 8 0 . 209 0 . 592 0 .213 NA
wtOlO 0 8 0 . 366 3 .001 0 .585 NA
wtO 11 0 6 6 .724 37 . 89 NA NA
wt012 0 2 0 .619 1 .222 0 . 809 NA
wt013 1 8 3 . 064 5 .924 3 .788 NA
Wt014 0 8 0.968 0 .823 1 .338 NA
wt015 0 2 0 .467 0 .47 5 0 .435 N A
wt016 1 2 1.266 0 .418 1 .489 NA
Wt017 0 2 1.592 0 .510 0 .724 NA
wtO 18 1 2 1.744 1. 547 1 . 5 NA
wt019 1 2 0 . 577 0 . 869 0 .645 NA
wt020 1 8 0 .240 0 .333 0 .294 NA
Wt021 1 2 0 .312 0 .463 0 .353 NA
wt022 1 2 0 .118 0 . 266 0 .141 NA
wt023 0 5 2 .001 2 .688 2 .518 NA
wt024 1 9 2 . 076 3 .678 1 .613 NA
Wt025 0 2 1 .973 2.4 1 . 382 NA
wt026 0 6 0 . 392 0 .858 0 .798 NA
wt027 0 6 0 .723 0 .623 1 . 282 NA
Wt028 0 6 0.938 1.467 1 . 342 NA
wt029 1 3 0 .213 0 .595 0 . 315 NA
wtO 3 0 0 6 0 .706 0 .674 0 . 585 NA
w t O 3la 1 8 1 .722 3 .25 4 .172 NA
wtO 31b 1 8 1 .691 3 .27 2 5 . 691 NA
wtO 3lc 1 8 4 . 36 4 .788 5 .689 NA
wt 0 3 1 d 1 8 4 .213 1.945 9 .109 NA
wt03le 1 8 2 . 046 2 .423 2 .748 NA
wt031f 1 8 2 . 354 2 . 021 2.28 NA
wt031g 1 8 1 .282 2 . 025 1. 672 NA
wt 0 3 1 h 1 8 27 . 89 24 .75 48 .99 NA
wtO 32 1 2 0 .183 0 .139 0 . 125 NA
wt033 0 5 0 .791 0 .789 0 . 597 NA
wtO 34 0 2 1 .456 2 . 611 4 . 244 NA
wtO 35 0 2 1 . 097 2 .44 5 . 148 NA
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tunnel disturbed soil 
run # (y=l,n=0) group
wt03 6 0 2
Wt037 0 2
wt038 0 2
wt039 0 2
Wt04 0 0 2
Wt041 0 2
Wt042 0 2
Wt04 3 1 2
wt044 0 2
wt045 0 2
Wt046 0 3
Wt047 0 7
Wt048 0 2
Wt049 0 2
Wt050 1 2
Wt051 0 8
wt052 0 8
wt053 1 8
Wt054 1 2
wt055 1 2
wt056 1 8
wt057 1 8
wt058 1 9
wt059 1 9
wt060 1 9
wt061 1 5
wt062 0 5
Wt063 0 5
Wt064 0 5
Wt065 0 5
wt066 0 6
Wt067 0 6
Wt06 8 0 2
Wt06 9 0 5
wt07 0 0 5
Wt07 1 1 5
wt07 2 0 7
wt07 3 0 7
Wt 07 4 0 7
wt 07 5 0 9
Wt07 6 0 9
Wt077 0 9
Wt07 8 1 9
Corr . Corr . Corr .
TSI #2 TSI #3 TSI #4
(mg/m3) (mg/m3) (mg/m3)
1.286 1.645 NA
1.109 2 . 571 NA
0.23 0 .248 NA
0 . 568 0 .744 NA
3 . 822 1.336 NA
0.976 0 . 849 NA
0 .943 0 .46 NA
4 . 366 6 .955 NA
0 . 637 0 .853 NA
1.204 1.664 NA
0.795 1. 395 NA
1 . 224 1.155 NA
0 .148 0 .129 NA
0 .394 0 .712 NA
3 .256 6 .757 1 . 847
0 .677 0 .736 0.403
0 . 252 0 .304 0 . 218
1.923 3 .375 0 .652
0 .452 0 .759 0 .532
1.946 1.728 0 . 542
0 . 569 0 .359 0 . 348
0 .256 0 .138 0 .244
1.665 1 .839 0 . 825
0 .409 0 .274 0 .192
0 .513 0 .704 0 .238
2 .143 2 .515 1 . 055
2 .22 3 .611 1 .131
1.819 0 .532 1 . Ill
0 .804 2 .294 0 .654
1 .557 1.022 1 .445
0 .671 0 .797 0 .406
0 .396 0 .537 NA
0.75 0 .614 0 . 361
4 .494 10.33 2 .345
0 .837 1 .762 0 .603
9 .442 11. 52 3 .667
1 . 363 3 .124 1 . 864
0 .807 1 .235 0 .802
0 .233 0 .259 0 .247
0 .468 0 .951 0 .513
0 .864 0 . 801 0 .433
0 .771 3 .91 1 .947
95.4 91.13 5 . 04
Corr .
TSI #1
(mg/m3)
1.19
1. 083
0 .191
0 .628
1.001
1. 045
0 .446
2 .775
0 . 386
1.94
0 .445
0 . 866
0 . 057
0 . 088
0 . 84
0 .169
0 . 094
1.652
0 .25
0 .508
0 .233
0 . 03
1.133
0 . 244
0 .481
1. 038
0 .727
0 .412
0 . 543
1. 396
0 .448
0 . 646
0 . 193
0 . 649
0 .28
1.966
0 .691
0 .252
0 .127
0.332
0 .384
0 .648
4.195
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Table D.4. Cumulative Corrected TSI PM-10 Readings.
tunnel disturbed soil C u m m . Cumm. Cumm. Cumm.
run # (y=l,n=0) group TSI #1 
(mg/m3)
TSI #2 
(mg/m3)
TSI #3 
(mg/m3)
TSI #4 
(mg/m3)
wtOOl 0 3 0 .102 1. 87 5 2 .543 NA
wtO 02 0 6 0 .17 8 0 . 825 1 . 04 NA
wt003 0 6 0 .217 1 .13 1 .771 N A
WtO 04 0 8 0 .156 0 .228 0 .304 N A
wt005 1 8 0 .401 0 .771 NA N A
wtO 06 0 8 1.749 4 . 27 5 .932 NA
WtO 07 0 5 0 . 094 1. 017 1 .309 NA
wt008 0 8 0 . 022 0 . 095 0 .258 N A
wtO 09 0 8 0 .209 0 . 801 1. 014 N A
wtOlO 0 8 0 . 366 3 . 367 3 .952 NA
wtO 11 0 6 6 .724 44 .61 NA N A
wtO 12 0 2 0 .619 1. 842 2 .651 N A
wtO 13 1 8 3 . 064 8 .988 12 .78 N A
wtO 14 0 8 0 . 968 1.791 3 .129 NA
Wt015 0 2 0 .467 0 .942 1. 377 NA
wt016 1 2 1.266 1.684 3 .17 3 NA
WtO 17 0 2 1. 592 2 .102 2 . 826 N A
wtO 18 1 2 1.744 3 . 291 4 .791 N A
wtO 19 1 2 0 .577 1.446 2 . 091 N A
wt02 0 1 8 0 .24 0 . 574 0 .868 NA
wt021 1 2 0 .312 0 .775 1.128 NA
Wt022 1 2 0 .118 0 .385 0 .526 N A
wt02 3 0 5 2 .001 4 .689 7 .207 NA
wt024 1 9 2 . 076 5 .754 7 . 367 N A
Wt025 0 2 1.973 4 . 373 5 .755 N A
Wt026 0 6 0 . 392 1.25 2 . 048 N A
wt027 0 6 0.723 1.346 2 .628 N A
Wt028 0 6 0.938 2 .406 3 .748 N A
wt029 1 3 0 .213 0 .808 1 .123 NA
wt030 0 6 0 .706 1. 379 1 .964 NA
wt031a 1 8 1.722 4 . 971 9 .143 NA
wt031b 1 8 1. 691 4.963 10 . 65 N A
wt031C 1 8 4 .36 9 .148 14 . 84 NA
wt031d 1 8 4.213 6 .158 15.27 NA
wt031e 1 8 2 . 046 4 .469 7 .217 NA
wt031f 1 8 2 . 354 4 . 375 6 .655 NA
wt031g 1 8 1.282 3 .308 4 .98 NA
wt031h 1 8 27 . 89 52 .64 101 . 6 N A
wt032 1 n/L, 0.183 0.322 0 .447 N A
wt033 0 5 0.791 1. 58 2 .177 NA
wt034 0 2 1 .456 4 . 067 8 .311 NA
tunnel disturbed soil Cumm. C u m m . C u m m . Cumm.
run # (y=l,n=0) group TSI #1 TSI #2 TSI #3 TSI #4
(mg/m3) (mg/m3) (mg/m3) (mg/m3)
wt035 0 2 1 . 097 3 .537 8 .685 NA
wt036 0 2 1.19 2 .477 4 .122 NA
wt037 0 2 1. 083 2 .192 4.763 NA
wt038 0 2 0 .191 0 .421 0 . 669 NA
wt039 0 2 0.628 1.195 1.939 NA
wt040 0 2 1 . 001 4 .822 6 .158 NA
wt041 0 2 1 . 045 2 . 021 2 . 87 NA
Wt042 0 2 0 .446 1 .389 1. 849 NA
wt04 3 1 2 2 .775 7 .141 14 .1 NA
Wt044 0 2 0 .386 1 . 023 1. 876 NA
Wt045 0 2 1 .94 3 .145 4 .809 NA
Wt046 0 3 0 .445 1 .24 2 .635 NA
wt047 0 7 0 . 866 2 . 09 3 . 245 NA
wt048 0 2 0 . 057 0 .204 0 . 333 NA
wt 049 0 2 0 . 088 0 .481 1.193 NA
Wt05 0 1 2 0 . 84 4 . 096 10 .85 12 .70
Wt051 0 8 0 .169 0 . 846 1.582 1.985
wt052 0 8 0 . 094 0 . 346 0 .65 0 . 868
Wt053 1 8 1 .652 3 .576 6 .95 7 .602
wt054 1 2 0 .25 0 .702 1.462 1 .994
wt055 1 2 0 .508 2 .453 4 .181 4 .723
Wt056 1 8 0 .233 0 .802 1.161 1. 509
wt057 1 8 0 . 08 0 .336 0 .474 0 .718
wt058 1 9 1.133 2 .798 4 .637 5 .462
wt059 1 9 0 .244 0 .653 0 .927 1 .119
wt06 0 1 9 0 .481 0 . 993 1.698 1 .936
wt061 1 5 1 . 038 3 .181 5 .696 6 .751
wt062 0 5 0 .727 2 .947 6 . 558 7 .689
Wt063 0 5 0 .412 2.231 2.763 3 . 874
Wt064 0 5 0 . 543 1 . 347 3 . 641 4 .295
Wt06 5 0 5 1 . 396 2 .954 3 .975 5 .420
Wt066 0 6 0 .448 1 .119 1.916 2 . 322
Wt067 0 6 0 .646 1 . 042 1. 58 NA
wt068 0 2 0 .193 0 .944 1.558 1.919
wt069 0 5 0 .649 5 .144 15 .47 17 . 82
Wt07 0 0 5 0 .28 1 .116 2 . 879 3 .482
wt07 1 1 5 1 .966 11.41 22 .92 26 .59
wt07 2 0 7 0 .691 2 . 053 5 .17 8 7 . 042
Wt07 3 0 7 0 .252 1 . 059 2 . 294 3 . 096
wt07 4 0 7 0 .127 0 .36 0 .619 0 . 866
wt07 5 0 9 0 . 332 0.8 1.751 2 . 264
wt07 6 0 9 0 . 384 1.248 2 . 049 2 .482
wt07 7 0 9 0 . 648 1 .419 5 . 329 7 . 276
Wt07 8 1 9 4 .195 99 . 6 190 .7 195 . 8
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Table D.5. Net Mass of Saltating Particles in the Elutriation 
Chamber
tunnel d i s t . soil S a l t . S a l t . S a l t . Salt
run # ( y = D group Run #1 Run #2 Run #3 Run :
(n=0) (mg) (mg) (mg) (mg)
wtOOl 0 3 34 .5 601.2 2985 NA
wt002 0 6 86 .5 431.5 202 . 2 NA
wt003 0 6 76 . 2 1934 . 8 2807 .1 N A
wt004 0 8 131 1565 781.2 N A
wt005 1 8 683 .2 2263.2 NA NA
wt006 0 8 10224 . 3 21783.9 18931.4 NA
WtO 07 0 5 84 .7 1774 .7 966 .9 N A
wt008 0 8 117 .7 489 2825 . 8 NA
wt009 0 8 143 . 8 2785 3544 . 8 NA
wtOlO 0 8 112 .6 2366 .2 646 . 6 NA
wtOll 0 6 1420.7 52425 .9 NA NA
wt012 0 2 246 .1 2523 .1 4128 NA
Wt013 1 8 5137 .7 35926.3 44853.6 NA
wt014 0 8 947 .7 17 80 .1 6257 .1 N A
wt015 0 2 2010 . 8 4924.2 10086 .9 NA
wt016 1 2 1725 . 3 2088 . 8 13970 .9 NA
wt017 0 2 362 . 5 197 .2 1504 .6 NA
Wt018 1 2 777 .7 2027 .9 7636 .4 NA
wt019 1 2 949 . 2 3453 .6 3700 .2 NA
wt020 1 8 405 .2 412 .2 4336 NA
wt021 1 2 - 58 .7 91.4 300 . 3 NA
wt022 1 2 76 . 5 440 . 3 789 . 9 NA
wt023 0 5 179 . 8 501 2396 . 2 NA
Wt024 1 9 474 . 5 6663 .5 5715 .7 N A
wt025 0 2 2442 6154.7 8801.7 N A
wt026 0 6 245 . 5 15.2 366 .6 N A
wt027 0 6 245 .2 267 .2 4838 N A
wt028 0 6 714 17 00 . 3 3400 .4 N A
wt029 1 3 12 .4 955.5 1964 .4 NA
wt03 0 0 6 4 .4 250 .3 86 .6 NA
wt031a 1 8 1235 . 2 4080.2 4842 .7 NA
wt031b 1 8 93 . 8 910 .9 6978 . 2 NA
wt031c 1 8 781.6 4189 6379 NA
wt031d 1 8 400 . 9 261. 6 5692 NA
wt031e 1 8 2560 .7 4248.4 5497 .7 NA
wt031f 1 8 680 .4 1686 . 5 5142 . 8 NA
wt031g 1 8 608.4 1499 .6 1929 .1 NA
wt031h 1 8 53195.8 305230 83177 NA
wt032 1 2 138 .5 365.1 844 . 3 NA
wt03 3 0 5 338 .2 1995.3 2779 . 3 NA
tunnel d i s t . soil S a l t . S a l t . S a l t . S a l t .
run # (y = l) group Run #1 Run #2 Run #3 Run #4
(n=0) (mg) (mg) (mg) (mg)
wt034 0 2 191 .7 790 2800 .8 NA
wt035 0 2 712 .5 1385.8 5945 .6 NA
wt0 36 0 Oc. 293 . 3 696 .1 1303 .4 NA
wt037 0 2 167 . 3 1204 .6 8482 .3 NA
wt03 8 0 2 38.6 108 256 .4 NA
wt039 0 2 108 .4 148 . 8 349 .9 NA
Wt04 0 0 2 240 . 6 1521.6 1345 .5 NA
wt041 0 2 328 .6 655 . 8 1394 .4 NA
wt042 0 2 701.6 448 746 NA
Wt043 1 2 2356 .1 7944 .7 31303.5 NA
wt044 0 441 .4 160 .6 471 .4 NA
wt045 0 3348 .8 2640 .8 10551.3 NA
wt046 0 3 704 2006 .2 6648 .4 NA
Wt047 0 7 1254 .7 8558 .4 15905.5 NA
Wt048 0 2 108 .9 170 .6 972 .1 572 .9
Wt04 9 0 2 65.6 266 .9 4022 .5 NA
Wt050 1 2 1107 .4 7698 52107 .4 10123.3
Wt051 0 8 176 .4 186 .2 1745 .2 1118 .9
Wt0 52 0 8 176 . 2 193 .8 195 192 .2
wt054 1 2 192 .1 318 .4 4601 . 3 1576 .4
Wt055 1 2 104 215 .2 7857 .5 3027 .4
Wt056 1 8 215 .4 472 .4 2133 1101.7
Wt057 1 8 239 88.6 618 724 .9
wt058 1 9 390.7 478 .5 4259 .6 2766 .8
wt059 1 9 78.9 177 . 3 31.4 - 202.2
wt06 0 1 9 220 .1 347 .7 1256 .6 222 .9
W t 0 6 1 1 5 688 . 8 3520.8 22978 .6 7873.5
Wt062 0 5 137 . 5 3520.8 22978 .6 7873.5
wt063 0 5 154 .4 1930 . 8 1889 .1 34067 .7
wt064 0 5 132 . 8 215 .1 5031 2257 . 3
wt065 0 5 192 .1 231.5 253 3913 .9
wt066 0 6 132 . 8 86 .9 151 .5 139 .7
wt067 0 6 90 .1 212 .7 379 .4 136 .7
wt068 0 2 - 109.7 151 .6 684 .4 414 .9
wt069 0 5 688.9 95.3 3440 .2 1015 .3
Wt07 0 0 5 213 54 .3 738.9 221 .2
wt07 1 1 5 2791 . 9 23952 53842 .1 13105 .8
Wt07 2 0 7 139 .7 435.9 13481 .4 7712 .4
Wt07 3 0 7 174 .4 57 0 4880 .2 3887 .4
wt07 4 0 7 45.4 292 .6 2224 .5 2930 . 5
Wt07 5 0 9 53 . 3 331.8 2773 .5 1370 .4
Wt07 6 0 9 150 .2 251.2 1460 .5 227
wt077 0 9 136 .1 168 .2 2888 .5 2571 . 3
Wt07 8 1 9 4080 182708 549438 20877 .8
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Table D.6. Cumulative Saltation Flux Rate
S a l t . S a l t . S a l t . S a l t .
d i s t . Flux Flux Flux
Flux tunnel (y= 1) soil Rate Rate Rate
Rate
run # (n=0) group Run #1 Run #2 Run #3 Run #4
(mg/m"/s) (mg/m2/s) (mg/m2/s) (mg/m2/s)
wtOOl 0 3 0.248 4 .314 21 .420 NA
Wt002 0 6 0 .621 3 . 096 1.451 NA
wt003 0 6 0 . 547 13 .88 20 .144 NA
wt004 0 8 0 .940 11 .23 5 .605 NA
wt005 1 8 4 .903 16 .24 NA NA
wt006 0 8 73 . 369 156 . 3 135 . 85 NA
wt007 0 5 0.608 12 .74 6 .938 NA
wt008 0 8 0 . 845 3 .509 20 .278 NA
wt009 0 8 1 .032 19 .98 25 .437 NA
wtOlO 0 8 0 .808 16 .98 4 .640 NA
wtOll 0 6 10 .195 376 .2 N A NA
wt012 0 2 1.766 18 .11 29 .622 NA
wt013 1 8 36 .868 257 . 8 321 . 87 NA
wt014 0 8 6 .801 12 .77 44 .901 NA
wt015 0 2 14.429 35 . 34 72 .383 NA
Wt016 1 2 12.381 14 .99 100.25 NA
Wt017 0 2 2.601 1 .415 10 .797 NA
wt018 1 2 5 .581 14 .55 54 .798 NA
Wt019 1 2 6 .811 24 .78 26.552 NA
wt02 0 1 8 2 .908 2 .958 31 .115 NA
wt021 1 2 0.421 0 .656 2 .155 NA
wt022 1 2 0 . 549 3 .160 5 .668 NA
Wt02 3 0 5 1.290 3 .595 17.195 NA
Wt024 1 9 3 .405 47 . 82 41.016 NA
Wt025 0 2 17 . 52 44 .17 63 .160 NA
wt026 0 6 1.762 0 .109 2 .631 NA
wt027 0 6 1.760 1 .917 34 .717 NA
wt028 0 6 5 .124 12 .20 24 .401 NA
wt029 1 3 0 .089 6 .857 14 . 096 NA
wt030 0 6 - 0.032 1 .796 0 .621 NA
wt031a 1 8 8 . 864 29 .28 34 .751 NA
wt031b 1 8 0 .673 6 .537 50 . 075 NA
w t 0 3 1C 1 8 5 .609 30 . 06 45 .775 NA
wt031d 1 8 2 . 877 1 .877 40 . 845 NA
wt031e 1 8 18 .38 30 .49 39 .451 NA
wt031f 1 8 4 .883 12 .10 36 .904 NA
wt031g 1 8 4 .366 10 .76 13 .843 NA
wt031h 1 8 381.7 3 2190 . 596.87 NA
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S a l t . S a l t . S a l t . S a l t .
d i s t . Flux Flux Flux Flux
tunnel (y = l) soil Rate Rate Rate Rate
run # (n=0) group Run #1 Run #2 Run #3 Run #4
(mg/m2/s) (mg/m2/s) (mg/m2/s) (mg/m2/s)
wt032 1 2 0 .994 2 .620 6 . 059 NA
wt033 0 5 2 .427 14 .32 19.944 NA
wt034 0 2 1 . 37 6 5.669 20 . 098 NA
wt035 0 2 5 .113 9 .944 42 .665 NA
wt036 0 2 2 .105 4 .995 NA
wt037 0 2 1. 201 8 .644 60 . 868 NA
wt03 8 0 2 0 . 277 0 .775 1. 840 NA
wt039 0 2 0 .778 1 . 068 2 . 511 NA
wt040 0 2 1 .727 10 .92 9 .655 NA
wt041 0 2 2 . 358 4 .706 10 . 006 NA
wt042 0 2 5 . 035 3 .215 5 .353 NA
wt043 1 2 16.907 57 . 01 224 .632 NA
Wt044 0 2 3 .168 1.152 3 .383 N A
wt045 0 2 24 . 031 18 .95 75 .715 N A
Wt046 0 3 5 . 052 14 .40 47 .709 NA
Wt 047 0 7 9 . 004 61.41 114 .137 N A
Wt048 0 2 0 .782 1.224 6 .976 4 . Ill
Wt049 0 2 0 .471 1.915 28 . 865 N A
Wt050 1 2 7 . 947 55 .24 373 . 920 72 .644
wt051 0 8 1. 266 1 .336 12.523 8 . 029
wt052 0 8 1. 264 1 . 391 1. 379
wt053 1 8 4 . 923 10 .63 271 .953 32 .169
Wt054 1 2 1. 379 2 . 285 33.019 11.312
wt055 1 2 0 .746 1. 544 56 .385 21 .724
wt056 1 8 1 . 546 3 . 390 15.306 7 .906
wt057 1 8 1 .715 0 .636 4 .434 5 .202
wt058 1 9 2 . 804 3 .434 30 .567 19.854
Wt059 1 9 0 .566 1 .27 2 0 . 225 - 1.451
wt060 1 9 1. 57 9 2 .495 9 . 017 1.600
wt061 1 5 4 . 943 25 .27 164 . 893 56.500
wt062 0 5 0 .987 25 .27 164 . 893 56.500
wt063 0 5 1.108 13 .86 13.556 244 .468
wt064 0 5 0 .953 1 .544 36.102 16.198
wt065 0 5 1. 37 9 1 .661 28.086
wt066 0 6 0 .953 0 .624 1. 087 1. 002
wt 067 0 6 0 . 647 1 . 526 2 .723 0 .981
wt068 0 2 0.787 1 . 088 4 .911 2 .977
wt069 0 5 4 . 944 0 .684 24 .687 7 .286
Wt07 0 0 5 1. 529 0 . 390 5 .302 1.587
wt07 1 1 5 20 . 035 171. 9 386 . 368 94 . 046
Wt07 2 0 7 1. 003 3 .128 96 .742 55.344
Wt07 3 0 7 1. 252 4 . 090 35.020 27 . 896
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S a l t . S a l t . S a l t . S a l t .
d i s t . Flux Flux Flux Flux
tunnel (y=l) soil Rate Rate Rate Rate
run # (n=0) group Run #1 Run #2 Run #3 Run #4
(mg/nr/s) (mg / m 2 / s ) (mg/m2/s) (mg/m2/s)
wt07 4 0 7 0 . 326 2 .100 15.963 21.029
wt 07 5 0 9 0 . 383 2 .381 19.902 9 . 834
wt 07 6 0 9 1 . 07 8 1 . 803 10.480 8 . 805
Wt077 0 9 0 .977 1 .207 20.728 18.451
Wt07 8 1 9 29 .278 1311 . 3942 . 149.818
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